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IDENTIFICATION AND USES OF A HYALURONAN RECEPTOR 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims the benefit of U.S. Provisional Application Serial 
No. 60/245,320, filed November 2, 2000, and U.S. Provisional Application Serial 
No. 60/199,538, filed April 25, 2000. 

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
The U.S. government owns certain rights in the present invention 
pursuant to a grant from the National Institutes of Health (GM 35978). 

.BACKGROUND OF THE INVENTION 

1. Reld of the Invention 

The present invention generally relates to a HA Receptor for Endocytosis, 
and more particularly, but not by way of limitation, to methods of purifying such 
HA Receptor for Endocytosis, 

2. Brief Description of the Related Art 

HA, also referred to herein as hyaluronic acid, or hyaluronan,. is an 
important and often abundant extracellular matrix component of all tissues, in 
particular cartilage, skin and vitreous humor (Evered and Whelan, The Biology 
of Hvaluronan, Ciba Fnd. Symposium, 143:1 (1989)). HA plays a key role in 
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development, morphogenesis and differentiation, in cell adhesion and 
proliferation, and in inflammation and wound healing (Evered and Whelan, The 
Biology of Hvaluronan, Ciba Fnd. Symposium, 143:1 (1989); Toole, ], Intern. 
Med. 242:35 (1997); Knudson and Knudson, FyASES J. 7:1233. (1993); Laurent 
and Fraser, FASEBJ. 6:2397 (1992)). In humans, the total body turnover of 
HA is several grams per day (Evered and Whelan, The Biology of Hvaluronan, 
Ciba Fnd. Symposium, 143:1 (1989)). Although local turnover of HA occurs in 
avascular tissues, particularly cartilage (Hua etal, J. CeUSci. 106:365 (1993); 
Aguiar et al, Exp. Cell Res. 252:292 (1999)), two major clearance systems are 
responsible for HA degradation and removal in the body (Laurent and Fraser, 
FASEBJ. 6:2397 (1992)). The first is the lymphatic system, which accounts for 
about 85% of the HA turnover, and the second is in the liver, which accounts 
for the other approximately 15% of the total body HA turnover. 

Throughout the body, HA is continuously synthesized and degraded in 
almost all tissues. At the same time, chondroitin sulfate and other 
glycosaminoglycans are also released from the cleavage of proteoglycans, 
especially aggregating proteoglycans associated with HA. Large native HA 
molecules (about 10^ Da) are partially degraded into large fragments (about 10^ 
Da) that are released from the matrix and enter the lymphatic system, 
thereafter flowing to lymph nodes. 

The lymph nodes completely degrade the majority of HA (about 85%) by 
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currently unknown mechanisms. Neither the responsible cell type, the receptor 
involved, nor the location in lymph nodes at which HA uptake and degradation 
occurs has been determined. The remaining HA (about 15%) that escapes 
degradation in the lymph nodes ultimately flows into the blood at the thoracic 
duct. Since HA is an exceptionally viscous polysaccharide in solution^ it would 
be deleterious for the blood concentration of HA, even at relatively low 
molecular weight, to increase. Clearance of this circulating HA and the other 
glycosaminoglycan degradation fragments, such as chondroitin sulfate, is 
presumably important for normal health (Evered and Whelan, The Biology of 
Hvaluronan. Ciba Fnd- Symposium, 143:1 (1989); Laurent and Fraser, FASEB 
J. 6:2397 (1992)). Elevated serum HA levels are associated with a variety of 
diseases and pathological conditions such as liver cirrhosis, rheumatoid arthritis, 
psoriasis, scleroderma, fibromyalgia and some cancers (Yamad et al. Acta 
Haematol. 99:212 (1998); Lai et al, J. Lab Clin. Med. 131:354 (1998); Yaron 
et al, J. Rheumatol. 24:2221 (1997)). 

Liver endothelial cells (LECs) in vertebrate liver express a very active, 
recycling endocytic receptor that removes these extracellular matrix-derived 
fragments of HA and other glycosaminoglycans, including chondroitin sulfate, 
from the blood (Laurent and Fraser, FASEB J. 6:2397 (1992); DeBleser et al, 
Gut, 35:1509 (1994); Raja et al, J. Biol. Chem. 263:16661 (1988); McGary et 
al, Biochem. J. 257:875 (1989); McGary et al, Hepatology, 18:1465 (1993)). 
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a 90 kDa protein also known as CD54 (Hayflick et al, Immunol, Res. 
17:313 (1998)), was previously nn'sidenti'ffed as the LEC HA Receptor for 
Endocytosis (HARE) (Forsberg and Gustafson, Biochim, Biophys, Acta, 1078:12 
(1991); McCourt et al, 1 Biol. Chem. 269:30081 (1994)). This research 
attempted to purify the HA receptor without the use of an assay to measure 
HA-binding activity. The claim that the HA Receptor for Endocytosis had been 
purified was subsequently acknowledged to be an artifact due to the nonspecific 
binding of ICAM-1 to the HA affinity resin (McCourt and Gustafson, Int J. 
Biochem, Cell Biol. 29:1179 (1997); McCourt et al, Hepatology 30:1276 
(1999)). In any case, since ICAM-1 is not a coated pit-targeted endocytic 
receptor, it is not the true HA receptor in LECs. 

In addition to the normal turnover of HA in tissues throughout the body, 
a wide range of biomedical and clinical applications use exogenous HA that Is 
also removed from the lymphatics or ultimately from the blood and degraded 
by the LEC HARE. For example, HA is used extensively in eye surgery, in the 
treatment of joint diseases including osteoarthritis, and is being developed as 
a drug delivery vehicle. Numerous studies have explored the benefit of HA 
during wound healing. The exogenous HA introduced in these various 
applications is naturally degraded by the lymph and LEC systems noted above. 
Despite the very large endocytic and degradative capacity of the LEC HARE and 
its importance in removing HA from the blood, prior to the present invention the 
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HARE had not been successfully purified, molecularly cloned or expressed from 
a cDNA, 

In two previous studies, one using a photoaffinity derivative of HA 
(Yannariello-Brown etal, J. BioL Chem. 267:20451 (1992)) and the other using 
a novel ligand blot assay with ^^I-HA (Yannariello-Brown et al, GlycobioL 7: 15 
(1997)), two specific HA-binding proteins in isolated rat LECs were identified at 
about 175 kDa and about 300 kDa. However, it was not until the present 
invention that the role of these two proteins in degradation of HA was 
determined. 

SUMMARY OF THE INVENTION 
The present invention is related to a functionally active Hyaluronan 
Receptor for Endocytosis (HARE) and active fragments thereof, wherein the 
HARE or active fragments thereof Fs able to specifically bind at least one of HA, 
chondroitin and chondroitin sulfate and endocytose the bound HA, chondroitin 
or chondroitin sulfate into a cell via a clathrin-coated pit pathway. Broadly, the 
present invention includes purified nucleic acid segments encoding a 
functionally active HARE and active peptide fragments thereof, as well as a 
purified, functionally active HARE protein and purified active peptide fragments 
thereof. Active peptide fragments of HARE include a soluble fragment of the 
HARE protein, such as an extracellular domain of HARE, as well as a peptide 
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containing an HA-bindIng domain of HARE, wherein such active peptide 
fragments of HARE retain the ability to specifically bind at least one of HA, 
chondroltin and chondroitin sulfate. The invention also encompasses 
complementary nucleic acid sequences to the nucleic acid sequences encoding 
a functionally active HARE and active peptide fragments thereof, nucleic acid 
sequences which will hybridize to the nucleic acid sequences encoding a 
functionally active HARE or active peptide fragments thereof or such 
complementary sequence, nucleic acid sequences which but for the degeneracy 
of the genetic code, or encoding of functionally equivalent amino acids, would 
hybridize to the nucleic acid sequence encoding a functionally active HARE or 
active peptide fragments thereof or the complementary sequence thereof, and 
primers which will hybridize to and amplify a nucleic acid sequence encoding a 
functionally active HARE or active peptide fragments thereof. 

In one embodiment, the present invention Includes a method of making 
an antibody, such as a monoclonal antibody, by immunizing a non-human 
animal with an immunogenic fragment of HARE. The immunogenic fragment 
may comprise a sequence in accordance vyith at least a portion of SEQ ID N0:2 
or SEQ ID NO:25. In preferred embodiments, the immunogenic fragment 
comprises an HA-binding domain of HARE. The method of making an antibody 
may further include identifying a hybridoma cell producing a monoclonal 
antibody specific for HARE, and culturing such hybridoma cell under conditions 
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that permit production of the monoclonal antibody. Such method may further 
include isolating the monoclonal antibody from the hybridoma cell. The 
antibody will selectively bind an epitope of HARE, and in a preferred 
embodiment, the antibody will also inhibit binding of at least one of HA, 
chondroitin and chondroitin sulfate to HARE. Such antibody would be useful not 
only in vitro for purification of functionally active HARE from various biological 
samples such as liver, spleen, lymph nodes and bone marrow, such as with the 
use of an affinity matrix comprising the antibody bound to a solid support, but 
would also be useful in vivo, wherein the antibody could be ""humanized" such 
that administration of the antibody to a human would not result in an immune 
response to the antibody molecule itself and could be utilized in methods of 
treatment for certain diseases and disorders. The method of "humanizing" an 
antibody involves removing portions of the antibody which my be antigenic in 
a human and substituting like portions of a human antibody therefor. 

The present invention also encompasses a recombinant vector, such as 
a plasmid, cosmid, phage or virus vector, which comprises a purified nucleic 
acid segment having a coding region encoding a functionally active HARE, such 
as a nucleotide sequence in accordance with SEQ ID l\!0:l or SEQ ID N0:24. 
The recombinant vector may be an expression vector and have a promoter 
operatively linked to the HARE coding region. A host cell, such as a eucaryotic 
cell, may be transfected, electroporated or transduced with such recombinant 
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vector to produce a recombinant host ceil expressing functionally active HARE. 
In a preferred embodiment, the purified nucleic acid segment encoding a 
functionally active HARE is integrated into a chromosome of the recombinant 
host cell. The recombinant host cell containing the recombinant vector having 
a coding region encoding a functionally active HARE may produce a functionally 
active HARE which binds and endocytoses at least one of HA, chondroitin and 
chondroitin sulfate. Such recombinant host cell may be utilized in a method of 
purifying HARE, by culturing the recombinant host cell under conditions that 
allow for expression of functionally active HARE from the recombinant DNA 
segment, then separating and purifying the functionally active HARE from the 
recombinant host cell. 

In another embodiment of the present invention, a method of identifying 
compounds which inhibit binding of at least one of HA, chondroitin and 
chondroitin sulfate to HARE is provided. The method includes providing a 
purified fragment of HARE capable of binding at least one of HA, chondroitin and 
chondroitin sulfate, forming a first affinity matrix comprising the purified 
fragment of HARE bound to a solid support, contacting a test compound with 
the first affinity matrix to form a treated affinity matrix, contacting at least one 
of HA, chondroitin and chondroitin sulfate with the first affinity matrix and 
contacting HA with the treated affinity matrix, and determining that the test 
compound inhibits binding of at least one of HA, chondroitin and chondroitin 
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sulfate to HARE when at least one of HA, chondroitin and chondroitin sulfate 
binds to a greater extent to the first affinity matrix than to the treated affinity 
matrix. The purified fragment of HARE may be a soluble fragment of HARE, 
such as an extracellular domain of HARE or an HA-binding domain of HARE. 

In yet another embodiment of the present invention, a method of treating 
a liquid solution containing at least one of HA, chondroitin and chondroitin 
sulfate is provided. Such method includes providing an affinity matrix 
comprising a functionally active fragment of HARE, as described herein above, 
bound to a solid support, and exposing a quantity of the liquid solution to the 
affinity matrix wherein at least one of HA, chondroitin and chondroitin sulfate 
contained in the liquid solution is removed therefrom. Such liquid solution may 
be blood or plasma, such as when blood or plasma Is removed from a dialysis 
patient and filtered to remove contaminants and waste. 

Otherobjects, features and advantages of the present invention will 
become apparent from the following detailed description when read In 
conjunction with the accompanying figures and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG- 1. Partial purification of the 175HARE from rat LECs by 
preparative SDS-PAGE. LEC membranes were solubilized in 1% NP-40 and 
the extract fractionated over RCA-I-Sepharose. HARE was eluted with lactose, 
concentrated and run on a preparative 5% poiyacryiamide gel set up for 
continuous elution as described in Material and Methods. Collected fractions 
(0.5 ml/tube) containing HARE were found using a dot blot assay and a crude 
polyclonal Ab. Positive fractions were then subjected to SDS-PAGE and 
electotransfer and then either ligand blotted with ^^I-HA followed by 
autoradiography (A) or stained with CPTS (B) to identify the 175HARE (open 
arrows) and the 300HARE (closed arrows). The increasing M, of the 175HARE 
(also referred to herein as the 175 kDa HARE) and 300HARE (also referred to 
herein as the 300 kDa HARE) may be due in part to heterogeneous size of these 
glycoproteins. Fractions 30-38 with very active 175HARE were pooled for 
monoclonal antibody (mAb) production. 

FIG. 2. Immunoprecipitation of the 175HARE and SOOHAREfrom 
LEC extracts by a panel of 175HARE-mAbs. Abs from ascites produced 
from each hybridoma were bound to Protein G-Sepharose, except for #159 
which was bound to rabbit anti-mouse-IgM-Sepharose. After washing 5 times 
with TBS containing 0.1% TWEEN^"-20 for 5 min each, the resin was incubated 
with NP-40 extracts of LEC membranes at 4°C for 2 h. The resin was then 
washed as above, eluted with Ix Laemmli sample buffer and the eluate was 
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subject to SDS-PAGE and ligand blotting. The solid and open arrows indicate 
the positions of the 300HARE and 175HARE, respectively. Resin with no nnAb 
(lane 1) or with the negative control mAbs (141, 117 and 497) did not 
innmunoprecipitate HARE. Of the Western-positive mAbs (see Figs. 3 and 4), 
four showed roughly equal ability to purify both HAREs; numbers 235, 467, 28 
and 30. 

FIG. 3. Reactivity of a panel of 175HARE-mAbs in Western 
analysis after nonreducing SDS-PAGE of LEC extracts. Ascites from 11 
hybridoma clones, that were positive In ELISA screens with the 175HARE 
antigen, were screened (at a 1:1,000 dilution) for reactivity with lysates of rat 
LECs. Seven of these clones showed strong reactivity with proteins at both 175 
and 300 kDa (lanes 1-8 except lane 3). Clone 54 only recognizes the reduced 
protein (Rg. 4). Three clones gave very different patterns (lanes 9-11) and do 
not recognize the 175HARE antigen. R and N show mouse antisera raised 
against reduced (R) or nonreduced (N) 175HARE antigen. The solid and open 
arrows indicate the positions of the 300HARE and 175HARE, respectively. 

FIG. 4. Reactivity of a panel of anti-175HARE mAbs in Western 
analysis after reducing SDS-PAGE of LEC extracts. Only mAbs 54 (lane 
3) and 159 (lane 5) show strong reactivity, which is Identical, with the reduced 
175HARE and 300HARE proteins. The solid and open arrows indicate the 
positions of the nonreduced 300HARE and 175HARE, respectively. MAb-174, 
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which also blocks HA binding (FIGS. 9 and 10), shows weaker reactivity with 
the reduced 175HARE and the 260 kDa subunit of the 300HARE (lane 6). The 
other mAbs, including those positive for the nonreduced proteins, are not 
reactive. 

FIG. 5. MAb-30 recognizes the LEC HARE isoreceptors. A, Western 
blot of LEC membrane extract before (lane 1) and after (lane 2) incubation with 
the nnAb-30 column, the protein eluted from the column (lane 3), and the 
residual membrane pellet after extraction. The primary antibody was a mixture 
of five monoclonal antibodies, all of which react with the same two proteins at 
175 and 300 kDa. B, in a separate experiment LEC membrane extract was 
incubated with protein G-Sepharose containing mAb-30 IgG (from ascites) or 
normal mouse IgG (from serum). HA binding activity was then determined, 
using SDS-PAGE followed by the ligand blot assay, in untreated extract (lane 
1), extract treated with mAb-30 (lane 2) or control IgG (lane 3), or in protein 
eluted from the mAb-30 IgG (lane 4) or normal mouse IgG (lane 5) resins. The 
solid and open arrows in this and in FIGS. 6 and 7 indicate the positions of the 
nonreduced -300- and 175 kDa HARE proteins respectively, in A and B. 

FIG. 6. Immuno-affinity purification of the LEC HARE 
isoreceptors. HAREs were purified from NONIDET^" P-40 extracts of LEC 
membranes as described in Materials and Methods, Protein profiles were 
analyzed by SDS-PAGE and silver staining. Lane 1, run-through from the RCA-I 
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column; lane 2, the starting NONIDET" P-40 extract of LEC membranes; lane 
3; proteins purified from the RCA-I column; lane 4, the purified HAREs eluted 
from the mAb-30 column. 

FIG. 7. Effects of reduction and N-Glycosidase F treatment on HA 
binding activity of the purified 175 kDa HARE and 300 kDa HARE. 
Purified LEC HARE was reduced and/or N-Glycosidase F-treated and assayed 
after SDS-PAGE by ligand blotting with ^^^I-HA. Both the 175 kDa (open arrow) 
and the 300 kDa (solid arrow) HARE species are smaller after deglycosylation 
by 25-30 kDa, but both species are still active (lanes 1 and 2). After reduction 
neither HARE is able to bind HA (lanes 3 and 4). 

FIGS. 8A and 8B. Effect of reduction or deglycosylation on the 
reactivity of 175HARE-mAbs with affinity purified HARE. A. The 
175HAREand 300HARE proteins were immunoaffinity-purified using mAb-30 as 
described above and analyzed by SDS-PAGE, without (lane 1) and with (lanes 
2, 3 and 4) reduction using p-mercaptoethanol, followed by silver staining. The 
nonreduced 175HARE and 300HARE bands, separated as in lane 1, were 
excised, reduced and reanalyzed by SDS-PAGE (lanes 3 and 4). The 175HARE 
gives a single -185 kDa species (solid arrowhead b) after reduction (lane 3), 
whereas the 300HARE gives rise to three subunits, designated a, p, and y at 
about 260, 230 and 97 kDa, respectively (lane 4). The 185 kDa protein is not 
seen in the 300HARE complex. The solid and open arrows indicate the positions 
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of the nonreduced 300HARE and 175HARE, respectively. Panel B shows the 
reactivity of the HARE proteins, either reduced or treated with N-Glycosidase 
F as indicated, with a mixture of all eight nnAbs (5 pg/ml each) against the 
175HARE. After reduction, only the 97 kDa y subunit of the 300 HARE is not 
recognized. Nonreduced 300HARE or 175 HARE are indicated by the solid or 
open arrows, respectively. 

FIG. 8C- Model for the organization of the two rat liver HARE 
isoreceptors. HARE preparations may contain two independent HARE 
isoreceptors or may be a super-large complex composed of two (or three) 
copies of the 175HARE protein and one copy of the 300 kDa HARE complex. 
The 300 kDa HARE is a heterotrimeric complex of three subunits (a, p and y) 
that are disulfide bonded. 

FIG. 9. Endocytosis of HA by LECs at 37°C is inhibited completely 
by mAb-174. Cultured primary rat LECs were washed and incubated for 60 
min at 37°C with 2 /^g/ml ^^I-HA in MEM medium containing 5 /^g/ml of IgG 
(affinity purified from ascites fluid using Protein G-Sepharose, or rabbit anti- 
mouse IgM-Sepharose in the case of #159) from each of five different 
hybridomas against the 175HARE. The plates were then chilled on ice, the 
media was aspirated, the wells were washed 3 times and the cells were 
solubilized in 0.3 N NaOH. Radioactivity and protein content were determined 
for each of the samples. The mean of triplicates ±SD are expressed as percent 
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of control (dpm/mg protein), 

FIG. 10- MAb-174 inhibits ^^I-HA binding to both the 175HARE 
and 300HARE in the llgand blot assay. A. Affinity purified HARE samples 
were subjected to SDS-PAGE, electrotransferred to nitrocellulose and blocked 
as described in Materials and Methods. Nitrocellulose strips were then 
incubated with TBST containing nothing (lane 9), 50 pg/ml nonlabeied HA (lane 
10), or 0.5, 1, 5 or 10 pg/ml mAb-174 (in lanes 1-4, respectively) or 
nonimmune mouse IgG (lanes 5-8 respectively) at room temperature for 90 
min. ^^I-HA was then added to a concentration of 0.06 pg/ml and the samples 
were processed for ligand blot activity and autoradiography. The level of 
specific binding in the ligand blot assay is >90% (Yannariello-Brown et al., 
Biochem. and Biophys. Res. Commun. 218:314 (1996)). B. The 
autoradlograph was scanned to quantitate the band densities for ^^I-HA binding 
with and without excess HA and the values with 5 pg/ml control and mAb-174 
IgG. 

FIG. 11. Antibody inhibition of HA endocytosis by HARE in LECs. 

Cultured primary rat LECs were washed and incubated for 60 min at 37°C with 
2 Mg/mt ^^^I-HA in MEM medium containing 0-9 A^g/ml of IgG (affinity purified 
from ascites fluid using Protein G-Sepharose, or rabbit anti-mouse IgM- 
Sepharose in the case of #159) from each of five different hybridomas against 
the 175HARE. The plates were then chilled on ice, the media was aspirated, 
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the wells were washed 3 times and the cells were solubilized in 0.3 N NaOH. 
Radioactivity and protein content were determined for each of the samples. 
The mean of triplicates ±SD are expressed as percent of control (dpm/mg 
protein). 

FIG. 12. Antibody inhibition of HA binding to HARE on LECs is 
temperature dependent. Cultured primary rat LECs were washed and 
incubated for 60 min at 37°C or 4''C with 2 jug/ml ^^I-HA in MEM medium 
containing 5 ^g/ml of IgG (affinity purified from ascites fluid using Protein-G- 
Sepharose, or rabbit anti-mouse IgM-Sepharose In the case of #159) from each 
of five different hybridomas against the 175HARE. The plates were then chilled 
on ice, the media was aspirated, the wells were washed 3 times and the cells 
were solubilized in 0.3 N NaOH. Radioactivity and protein content were 
determined for each of the samples. The mean of triplicates ±SD are 
expressed as percent of control (dpm/mg protein). 

FIG. 13. Western blot analysis of HARE tissue distribution. Crude 
IMP-40 extracts were prepared from homogenates of the indicated rat tissues, 
and HARE proteins were immunopurified using mAb-235 conjugated to 
Sepharose. Samples (-100 ^g protein) were analyzed by nonreducing SDS- 
PAGE on a 5% gel, transferred to nitrocellulose membrane, and incubated with 
^^I-HA for the ligand blot assay. Autoradiographic analysis (panel A) showed 
bands at 300 and 175 kDa (solid and open arrows, respectively) in spleen and 
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liver, indicating the presence of both HARE species. After the iigand blot. 
Western blot analysis was performed on the same membrane (panel B) using 
a mixture of mAbs 159, 467, 174 and 235 (25 pg/ml ascites). Both HARE 
bands were present at 300 and 175 kDa in spleen and liver. The nonspecific 
band (indicated by the solid circles), present in all lanes at -150 kDa, was due 
to mouse antibodies coeluted with the HARE during immunopurification. 

FIG. 14. Confocal immunofluorescent localization of HARE in liver. 
Rat liver sections were incubated with a mixture of the eight anti-175HARE 
mAbs (A, B and D) or normal mouse serum (C) and stained with anti-mouse 
IgG conjugated to Rhodamine Red as described in Materials and Methods. The 
sections were analyzed by confocal microscopy using Kr lasers (A and C). The 
phase contrast image in panel B is the same field as shown in panel A (arrows 
highlight sinusoidal borders). The bars in Panels A-C are 10 pm. Panel D is a 
nonconfocal fluorescence micrograph at a lower magnification (400x). CV 
indicates a central vein. Arrowheads indicate sinusoids among columns of 
hepatocytes. 

FIG. 15. Immunofluorescent localization of HARE in cultured 
LECs. LECs cultured overnight on glass coverslips were fixed and treated, as 
described in Materials and Methods, with (B and C) or without (A) detergent to 
permeabilize the cells and with ascites from mAb #235 (A and B) or normal 
mouse serum (C) and stained with goat anti-mouse IgG conjugated to 
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rhodamine red. The bar represents 5 pm. 

FIG. 16. Immunofluorescent localization of HARE in spleen. 

Sections of rat spieen were incubated with a mixture of eight anti-175HARE 
mAbs (A, B; C and D) or normal mouse serum (E), washed and stained with 
goat anti-mouse IgG conjugated to Rhodamine Red. The confocal fluorescent 
and phase contrast images, respectively in A and B, show the same field. The 
bars in Panels A and B are 10 (jm. The arrows indicate sinuses lined with 
positive cells. Panels C, D and E were viewed by normal fluorescence 
microscopy at magnifications of 200x, 400x and 400x, respectively. The splenic 
nodules (dark circular zones in C) were unstained. 

FIG. 17. ImiTiunofluorescent localization of HARE in lymph node. 
Sections of rat mesenteric lymph node were incubated with a mixture of eight 
anti-175HARE mAbs (A, B and C) or normal mouse serum (D, E and F), washed 
and stained with goat anti-mouse IgG conjugated to Rhodamine Red. The 
sections were analyzed by confocal fluorescence microscopy (A and D) or phase 
contrast microscopy (B and E), and the two images were overlaid (C and F). 
The bar is 20 pm. 

FIG. 18. Immunofluorescent localization of HARE in bone marrow. 

Rat bone marrow tissue was processed and sections were stained with a 
mixture of mAbs against the rat 175 kDa HARE (left and right panels) or mouse 
serum as a control (middle panel) as described in Materials and Methods. Two 
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different magnifications of the mAb-treated samples are shown to illustrate the 
positive staining of cells lining the sinusoidal regions of the marrow. 

FIG- 19. Assembly of the 4.7-kb cDNA encoding the rat 175 kDa 
HARE. Peptide sequences obtained from the purified HARE by the Harvard 
Microchemistry (dark gray) or the Rockefeller Facilities (light gray) are indicated 
by rectangles at the corresponding nucleotide positions. The scale units 
indicated are in kilobases. The ZAP1P3; ZAF>8AP2, ZAP4P3, and ZAP9P3 clones 
were isolated by screening the A-ZAP EXPRESS^" cDNA library with specific PCR- 
generated probes. The clone 5'RACE#11 was obtained from 5'-rapid 
amplification of cDNA ends (5'-RACE) using a MARATHON^"^ cDNA Amplification 
Kit (Clontech). Ail other clones were obtained by RT-PCR using degenerate 
oligonucleotide primers based on peptide sequences (Table II) and cloned into 
the pCR^" 2.1 vector or pTrcHisZ expression vector. 

FIG. 20. Recognition of partial HARE cDNA clones by anti-HARE 
nriAbs. RT-PCR products cloned into the TA^"^ vector were amplified and used 
to screen the LEC cDNA library in X-ZAP EXPRESS^", The positive 
bacteriophages (ZAP9P3 and ZAP4P3) were excised in vivo into PBK-CMV 
phagemid. The Exp4G clone was isolated by RT-PCR using primer pair 208F 
(SEQ ID N0:3) and GSP-GT81R (SEQ ID N0:4) (Table II), based on sequenced 
peptides, and cloned into the pTrcHis2 expression vector using the TA 
CLONING™ kit. The three vectors were transformed into TOPlOP or XLOLR 
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cells, grown to an A^q of ~0.8, and the fusion proteins were induced with 1 mM 
IPTG. After 2 h, the cells were collected, solubilized in Ix SDS-PAGE sample 
buffer, and then subjected to SDS-PAGE, electrotransfer to nitrocellulose and 
Western blot analysis using anti-175 kDa HARE mAb-159 (lanes 1), mAb-174 
(lanes 2) or normal mouse serum (lanes 3), as a control, as described in 
Materials and Methods. The predicted sizes of the protein fragments encoded 
by the partial cDNAs of ZAP9P3, ZAP4P3 and Exp4G are, respectively, 57 kDa, 
60 kDa and 66 kDa. 

FIG. 21. Nucleic acid (SEQ ID N0:1} and deduced amino acid (SEQ 
ID N0:2} sequences of the 4.7-kb cDNA encoding the rat 175 kDa 
HARE. The artificial cDNA containing 4708 nucleotides encodes a 1431 amino 
acid recombinant 175 kDa HARE protein, whose'deduced amino acid sequence 
begins with a serine. Amino acid sequences verified by peptide sequence 
analysis of the purified HARE are undertined and the two N-terminal peptides 
found in the purified protein are underiined and in italics. Putative N- 
glycosylation sites are in boldface and Cys residues are highlighted in boldface 
and italics. The predicted transmembrane domain of the type I membrane 
protein is underiined and in boldface. The three shaded regions in the 
cytoplasmic domain are potential motifs for targeting the receptor to clathrin- 
coated pits. 

FIG. 22. Northern blot analysis of rat LEC RNA with 175 kDa HARE 
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cDNA probes. Total RNA (lanes 1) or mRNA (lanes 2) samples prepared from 
isolated rat LECs were subjected to formamide-gel electrophoresis, transfer to 
nylon PDembranes and processing as described in Materials and Methods. The 
membranes vyere allowed to hybridize with each of three different ^^P-labeled 
DNA probes (see nG. 19), 5'RACE #11 (A), ZAP1P3 (B) or ZAP9P3 (C), which 
are located at the 5'-end, the middle, and the 3'-end of the 175 kDa HARE 
cDNA sequence, respectively. 

FIG. 23. Domain structure of the 175 kDa rat HARE protein. The 
scheme depicts the organization of multiple protein domains, within the 1431 
amino acid HARE protein, that are identified by numerous predictive search 
programs such as SMART (71), CD-Search, and other sites linked to ExPASy or 
NCBI. TM indicates the transmembrane domain; E2, Ea and Ec represent, 
respectively EGF-2, lamin-like EGF and EGF-Ca"-^ domains; potential N-linked 
glycosylation sites are indicated by the Y symbols. 

FIG. 24. Schematic map of the recombinant 175 kDa rat HARE 
construct. A 5'-end fragment (1.1 kb) of the 175 kDa HARE open reading 
frame was amplified by RT-PCR using primers containing EcoRI sites, and 
cloned into pSecTag2 vector, which contains an Ig k-chain leader sequence. The 
DNA insert was cut with Nhel and Asnl, and then cloned into pcDNAS.l 
together with two other 175 kDa HARE cDNA fragments of 2.2 kb and 1.4 kb, 
which were derived from the RT-PCR and cDNA library screenings, respectively, 
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and which encode the remainder of the 175 kDa HARE protein. The fragments 
were digested with different restriction enzymes as indicated and assembled as 
described in Materials and Methods. 

FIG. 25- Western blot and '^I-HA ligand blot analysis of 
recombinant 175 kDa HARE expression in COS 7 cells. COS 7 cells were 
transfected with two different clones containing the 175 kDa HARE cDNA (lanes 
1 and 2) fused at its 5' end with the Ig K-light chain leader sequence. Lane 3 
is untransfected COS 7 cells and lane 4 is a positive control containing rat LEC 
extract. Expression of the 175 kDa HARE was analyzed by SDS-PAGE of ceils 
extracts with (A) and without (B and C) reduction followed by transfer to 
nitrocellulose. The blots were incubated with 2 MQ/nil ^^I-HA with (B) or without 
(A and C) excess unlabeled HA (300 pg/ml) to assess nonspecific and total 
binding, respectively. After ligand blotting (top panel), the membrane was 
subjected to Western analysis (lower panel) as described in Materials and 
Methods, 

FIG. 26. Indirect confocal immunofluorescence staining of the 175 
kDa HARE in stably transfected SK-Hep-1 cells. The stably transfected SK- 
Hep-1 cell line SK-175HARE-36 was cultured overnight in a tissue culture 
chamber/slide, and then fixed and incubated with (C and D) or without (A and 
B) 0.1% Triton X-100 to permeabilize the cells. The cells were stained with 
normal mouse serum (B and D) or a mixture of eight mAbs raised against the 
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rat 175 kDa HARE (A and C). 

FIG. 27A, Endocytosis of I-HA by SK-Hep-1 cells expressing 

the 175 kDa HARE- Two independent stably transfected clones expressing the 
175 kDa HARE, SK-175HARE #27 (^a) and SK-175HARE #36 (^v) were 
cultured in 4-well tissue culture plates. The cells were washed and incubated at 
37 °C in fresh culture media without fetal calf serunn for Ihr. The plates were 
then placed on ice and the cells washed 2 times with 1 ml of HANKS. Medium 
containing 2 pg/ml I-HA with (^,^) or without (a,v) 200 /^g/ml unlabelled HA 
was added to each well. Cells were allowed to bind ligand on ice for 60 min for 
the surface binding values or they were allowed to internalize ligand at 37 ^C. 
At the noted times, the medium was aspirated, and the cells were washed 3 
times with 1ml HANKS. The cells were iysed in 0.3N NaOH, and radioactivity 
and protein were determined. 

FIG. 27B. Degradation of internalized HA by transfected SK-Hepl 
cell lines expressing the 175 kDa HARE. The indicated clones were 
incubated with ^^^I-HA as described above in the presence (closed symbols) or 
absence (open symbols) of a large excess of nonlabeled HA to assess 
nonspeclficfty. Degradation was assessed using a CPC precipitation assay. 

FIG. 27C. Hyperosmolarity inhibits ^^I-HA endocytosis mediated 
by HARE in transfected SK-Hepl cells. Cells grown up from two 
independent 5K-Hepl transfected clones (#27 and #36) were allowed to 
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internalize ^^I-HA as described above either in the presence (closed symbols) 
or absence (open symbols) of 0.4 M sucrose added to the medium. These 
hyperosmolar conditions disrupt clathrin assembly and the coated pit pathway, 
thus inhibiting endocytosis of HA by LECs. The inhibition of HA uptake in the 
stable SK-Hepl cell lines expressing HARE demonstrates that this recombinant 
receptor mediates HA uptake via a coated pit endocytic pathway as expected. 

FIG. 27D. Specific monoclonal antibodies against HARE inhibit HA 
endocytosis in SK-Hepl transfectants expressing the 175 kDa HARE. 
The indicated SK-Hepl clones expressing the 175 kDa HARE were allowed to 
internalize ^^^I-HA as described above with no addition or in. the presence of 
either mAb-174 or mAb-235 as indicated. 

FIG. 28. Alignment of the rat 175 kDa HARE deduced amino acid 
sequence with a family of hypothetical protein sequences of unknown 
function. Sequences were aligned with DNAsis (Version 2.50), saved as a text 
file and edited in Microsoft Word. The hypothetical protein sequences, all of 
which are human, are designated by their GenBank protein accession numbers. 
Our deposited sequences for the rat 175 kDa HARE (rHARE) are under 
accession numbers AY007370 and AAG13634 for the nucleic acid (SEQ ID 
N0:1) and protein (SEQ ID NO: 2) sequences, respectively. The recombinant 
175 kDa HARE that was constructed in order to demonstrate the functionality 
of this receptor starts with serine (arrov^). Res/dues in HARE identical to two 
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or more of the other sequences are shaded in yellow. Conserved cysteine 
residues are in boldface and shaded red. The residues under the solid bold line 
are identified as an extracellular Link domain (Xlink), a putative HA-binding 
domain. The dashed line is above the approximate boundaries of a single 
putative transmembrane domain in each protein. Regions within boxes denote 
candidate (pXXB motifs for targeting to coated pits. 

FIG, 29. Two HARE proteins in human spleen are recognized by 
anti-rat HARE monoclonal antibodies and specifically bind ^^^I-HA. 
Samples of human spleen and purified rat liver sinusoidal endothelial cells 
(LECs) were homogenized and treated with NONIDET^ P-40 in TBS, as 
described in Materials and Methods, using the human samples at two different 
protein concentrations (100 mg/ml for the Human Spleen 1 and 37.5 mg/ml for 
the Human Spleen 2 samples). After centrifugation, the supernatants and 
residual spleen extract pellets (pooled) were analyzed by non-reducing SDS- 
PAGE, transferred to nitrocellulose, and incubated with ^^I-HA to assess their 
ability to bind HA (/.e. the ligand blot assay shown in the autoradiogram; right 
panel). After the ligand blot assay, the membrane was subjected to Western 
blot analysis (left panel) to detect the HARE protein using a mixture of mAbs to 
the rat 175 kDa HARE. The open and dosed arrows indicate the positions of 
the two human HARE species, which are slightly larger (by about 10-15 kDa) 
at '-190 kDa and '^'315 kDa than the corresponding rat HARE 175 kDa and 300 
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kDa species, indicated by the open and solid arrowheads, respectively. 

FIG. 30. Immuno-affinity purification of the human HARE proteins. 

Human HAREs were purified from NONIDET^" P-40 extracts of human spleen 
tissue by affinity chromatography using the anti-rat 175 kDa HARE mAb-30. 
The HARE proteins were eluted at low pH, concentrated using CEIMTRICOIM'^" 30 
devices, subjected to SDS-PAGE and transferred to nitrocellulose. The 
membrane was stained with 0.05% copper phthalocyanine tetrasulfonic acid, 
tetrasodium salt (lane 1) and then destalned with distilled water. The destained 
nitrocellulose membrane was treated with TBST to block nonspecific binding 
sites and assessed for ^^^I-HA-binding activity (lane 2). After the llgand blot 
assay, the nitrocellulose membrane was subjected to Western blot analysis 
using a mixture of eight mAbs raised against the rat 175 kDa HARE protein 
(lane 3). The open and closed arrows indicate the positions of the human HARE 
proteins at ^-190 kDa and '-'315 kDa, respectively. These two human HARE 
species correspond to the previously characterized rat HARE 175 kDa and 300 
kDa proteins. 

FIG. 31. Subunit analysis of the purified human 190 kDa and 
~315 kDa HARE proteins. The two human HARE proteins were 
immunoaffinity-purified from human spleen using anti-rat 175HARE mAb-30, 
subjected to nonreducing SDS-PAGE and the gels were stained with Coomassie 
Blue (lane 1, hHARE). The 190 kDa HARE and -315 kDa HARE protein bands 
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were excised, minced and divided into two portions for analysis by SDS-PAGE, 
without reduction (lane 2, NR190 and lane 3, NR315) or with reduction (lane 
4, R190 and lane 5, R315) using p-mercaptoethanol; followed by silver staining. 
The 190 kDa HARE protein gives a single ~196 kDa species after reduction, 
showing that the human 190 kDa HARE contains only one subunit. The 315 
kDa HARE gives two major species after reduction, one at ~250 kDa and 
another at ~220 kDa, showing that this HARE contains at least two types of 
subunits. The apparent molar ratio of the 250 kDa and 220 kDa subunits in the 
^-315 kDa HARE is about 2-3:1. 

FIG. 32. Immunocytochemical localization of HARE in human 
liver, spleen and lymph node. Sections of human spleen (A and B), lymph 
node (C) and liver (D) were treated with either anti-HARE mAb-30 (A, C and D) 
or mouse serum (B) and then stained as described in Materials and Methods. 
A relatively low magnification is shown (the bar represents ~500 pm) to 
emphasize the localization of the human HARE protein in the sinusoidal regions 
of each tissue. 

FIG. 33. Nucleic acid (SEQ ID NO:24) and deduced protein (SEQ 
ID NO:25) sequences of the human 190 kDa HARE. The HARE nucleotide 
sequence was assembled based on the sequences of BAB15793 and specific RT- 
PCR products derived from human spleen (Table III). The solid bars underline 
17 consensus N-glycosylation sites. The arrow indicates a nucleotide sequence 
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error in BAB15793 (omission of an A, In boldface) that results in a frame-sliift, 
which adds 210 amino acids (in italics) and deletes eight at the N-terminal end 
of the ORF derived from BAB15793. A second error in the BAB15793 nucleotide 
sequence at T^^®^ (rather than C) and noted in boldface is silent. Amino acid 
sequences within solid or dashed boxes indicate the peptides of the authentic 
human 190 kDa HARE (immunoaffinity purified from human spleen) that were 
identified, respectively, by direct sequencing (Table IV) or by molecular mass 
analysis (Table V). Human spleen HARE amino acid sequences that were not 
in the BAB15793 protein sequence but were confirmed in RT-PCR products are 
boxed and underlined. 

FIG. 34. Domain organization of the human 190 kDa HARE. The 
scheme depicts the organization of protein domains Identified by the programs 
Pfam-HMM, CD-Search, ScanProsite or SMART (Schultz et al, Proc NatL Acad, 
ScL USA, 95:5857 (1998)), Abbreviations used for some of the domains 
include CD (cytoplasmic domain), TMD (transmembrane domain), M-T 
(metallothionein), and EGF-C, EGF-L or EGF-2 for epidermal growth factor 
calcium, lamlnin or type 2 domains, respectively. 

FIG. 35. Sequence alignment of the human (5EQ ID NO:25) and 
rat (SEQ ID NO:2) HARE proteins. Sequences for the two smaller HARE 
proteins were aligned using SIM (at www.ExPASv ) and then saved as a 
Microsoft Word file for highlighting and annotation. Identical residues found in 
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both sequences are shaded in yellow. Conserved . consensus N-linked 
glycosylation sides are in boldface and highlighted in gray. Solid black bars 
indicate potential -N-X-Cys- glycosylation sites, two of which are conserved. 
Cysteine residues are boldface and shaded red where identical between the two 
proteins. The arrow denotes the beginning of the least conserved regions of 
the two proteins; their cytoplasnnic domains. The residues under the solid blue 
line are identified as an extracellular Link donnain (Xlink), a putative 
hyaluronan-binding domain. The residues under the dashed blue line indicate 
the single predicted transmembrane domains. The three conserved candidate 
(t)XXB motifs are within the two blue boxes. Ser, Thr or Tyr. residues that are 
predicted (by NetPhos 2.0; Blom et al, J. Mo/ec. BioL 294:1351 (1999)) to be 
phosphorylated are shown in boldface white with red highlighting. Our 
deposited sequence for the rat 175 kDa HARE is under accession numbers 
AY007370 and AAG 13634 for the nucleic acid (SEQ ID NO: 1) and protein (SEQ 
ID NO: 2) sequences, respectively. 

FIG. 36. Model for the organization of the two human spleen 
HARE isoreceptors. The 190 kDa and ~315 kDa HARE isoreceptors Isolated 
from spleen are depicted as separate species in approximate molar ratios of 
1:2, respectively. The 190 kDa HARE contains only one protein. The large 
HARE complex is composed of two (or perhaps three) disulfide-bonded subunits 
of about 250 kDa and one subunit of 220 kDa, respectively. Preliminary results 
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indicate that the molar ratios of the affinity purified 190 kDa and ~315 kDa 
HARE isoreceptors from different tissues may be different. All HARE proteins 
and subunits are membrane-bound and are predicted to contain small 
cytoplasmic domains and very large ectodomains. The HARE are elongated, 
rather than globular, proteins (Yannariello-Brown etal, Glycobiol. 7:15 (1997)). 

FIG. 37. Amplification of a 1394 amino acid Open Reading Frame 
for the human 190 kDa HARE. Using the primer pair 1F-8R (SEQ ID IM0:5 
and SEQ ID N0:6)(Table III), the entire 1394 amino add reading frame (4182 
nucleotides) shown in FIG. 33 was successfully amplified by PGR (lane 2). The 
primer pair 1F-2R (SEQ ID N0:5 and SEQ ID N0:7)(Table III) gave the 
expected smaller 418 bp product (lane 3). The template used was a human 
lymph node MARATHON""-Ready cDNA library (from Clontech). A similar 4182 
bp PGR product was also seen with a comparable cDNA library prepared from 
spleen. The PGR reactions using ADVANTAGE^'^ 2 Polymerase Mix (from 
Clontech) were carried out as follows: 94°C for 2 min - 1 cycle; 94X for 30 sec, 
70*'G for 10 min - 5 cycles; 94°G for 30 sec, 65X for 10 min - 5 cycles; 94°C 
for 20 sec, 60X for 10 min - 25 cycles. The PGR reaction mixtures were 
electrophoresed in a 1% agarose gel and visualized by staining with ethidium 
bromide. The molecular weight (MW) markers used were the kb markers from 
Life Technologies. 

FIG- 38. Schematic organization of the human HARE gene on 
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chromosome 12. 

FIG. 39. SchemeforHAturnover and metabolism in humans. The 

scheme depicts the overall turnover of HA present initially in the ECM of tissues 
throughout the body. Partially degraded HA is flushed from the ECM into lymph 
by the flow of fluid through the tissue. Some HA may be degraded locally in the 
tissue, but most is delivered to and removed by lymph nodes. The remaining 
HA enters the blood and ^85% is cleared by the liver; the spleen removes 
r^lO%. HARE, which is expressed on the surface of sinusoidal endothelial cells 
of lymph node and liver, binds the circulating HA and removes it from the lymph 
or blood by internalization through the clathrin coated pit endocytic pathway. 
The average size and concentration of the HA decreases in going from ECM to 
lymph node to blood (Laurent and Fraser, FASEB J, 6:2397 (1992); Laurentand 
Fraser, Degradation of Bioactive Substances: Physiology and Pathophysiology , 
249, CRC Press, Boca Raton, FL (1991); Tengblad et al, Biochem. J, 236:521 
(1986)). 
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DETAILED DESCRIPTION OF THE INVENTION 
Before explaining at least one embodiment of the invention in detail, it is 
to be understood that the invention is not limited In its application to the details 
of construction and the arrangement of the components or steps or 
methodologies set forth in the following description or illustrated in the 
drawings. The invention is capable of other embodiments or of being practiced 
or carried out in various ways. Also, it is to be understood that the phraseology 
and ternninology employed herein is for the purpose of description and should 
not be regarded as limiting. 

One embodiment of the present invention envisions a purified mammalian 
HARE or an active fragment thereof, comprising a polypeptide which is able to 
specifically bind at least one of HA, chondroitin and chondroitin sulfate. Such 
purified mammalian HARE may be a protein having a molecular weight in a 
range of from about 175 kDa to about 190 kDa, and may comprise a sequence 
in accordance with at least one of SEQ ID N0:2 and SEQ ID NO:25. 
Alternatively, the purified mammalian HARE may be a protein having a 
molecular weight in a range of from about 300 kDa to about 315 kDa, wherein 
the protein may comprise at least two disulfide-bonded subunits. Further, the 
purified mammalian HARE may be a protein having at least 40% to at least 
90% sequence identity to one of SEQ ID N0:2 and SEQ ID NO:25. The purified 
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mammalian HARE fragment may comprise a soluble fragment of HARE, such as 
an extracellular domain of HARE, or an HA-binding domain of HARE. 

The present invention further includes a purified composition comprising 
a functionally active HARE polypeptide or an active polypeptide fragment 
thereof, wherein the functionally active HARE or the active polypeptide 
fragment thereof is able to specifically bind at least one of HA, chondroitin and 
chondroitin sulfate. Such polypeptides may have an amino acid sequence 
selected from the group consisting of at least a portion of the sequence in 
accordance with SEQ ID NO: 2 and at least a portion of the sequence in 
accordance with SEQ ID NO:25. When the purified composition is an active 
polypeptide fragment of HARE, the active polypeptide fragment may be a 
soluble fragment of HARE, such as an extracellular domain of HARE or an HA- 
binding domain of HARE. 

The term '"functionally active HARE" as used herein will be understood to 
include a protein or peptide which is able to specifically bind at least one of HA, 
chondroitin and chondroitin sulfate, and when present on a surface of a cell, is 
able to endocytose the bound HA, chondroitin or chondroitin sulfate. The term 
"active peptide fragment of HARE" as used herein will be understood to include 
polypeptides which are able to specifically bind at least one of HA, chondroitin 
and chondroitin sulfate. Such active peptide fragments of HARE may include 
soluble fragments of HARE. One of ordinary skill in the art, given this 
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Specification containing descriptions of the cytoplasmic, transmembrane and 
extracellular domains of HARE (as discussed in more detail herein below in the 
Example), should be able to identify and select portions of the HARE protein 
(e.g., the extracellular domain of HARE or portions thereof/ such as an HA- 
binding domain of HARE) which retain the ability to bind at least one of HA, 
chondroitin and chondroitin sulfate. 

As used herein, the terms "nucleic acid segment", "DNA sequence", "DNA 
segment" and "nucleic acid sequences" are used interchangeably and refer to 
a DNA molecule which has been isolated free of total genomic DNA of a 
particular species. Therefore, a "purified" DNA or nucleic acid segment as used 
herein refers to a DNA segment which contains a HA Receptor for Endocytosis 
("HARE") coding sequence or fragment thereof yet is isolated away from, or 
purified free from, unrelated genomic DNA, for example, mammalian host 
genomic DNA. Included within the term "DNA segment", are DNA segments 
and smaller fragments of such segments, and also recombinant vectors, 
including, for example, plasmids, cosmids, phage, viruses, and the like. 

Similarly, a DNA segment comprising an isolated or purified HARE gene 
refers to a DNA segment including HARE coding sequences isolated substantially 
away from other naturally occurring genes or protein encoding sequences. In 
this respect, the term "gene" is used for simplicity to refer to a functional 
protein, polypeptide or peptide encoding unit. As will be understood by those 
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skilled in the art, this functional term includes genonnic sequences, cDNA 
sequences or combinations thereof. "Isolated substantially away from other 
coding sequences" means that the gene of interest, in this case HARE or a 
fragment thereof, forms the significant part of the coding region of the DNA 
segment, and that the DNA segment does not contain large portions of 
naturally-occurring coding DNA^ such as large chromosomal fragments or other 
functional genes or DNA coding regions. Of course, this refers to the DNA 
segment as originally isolated, and does not exclude genes or coding regions 
later added to, or intentionally left in the segment by the hand of man. 

Preferably, DNA sequences in accordance with the present invention will 
further include genetic control regions which allow for the expression of the 
sequence in a selected recombinant host. Of course, the nature of the control 
region employed will generally vary depending on the particular use {e,g., 
cloning host) envisioned. One of ordinary skill in the art, given this 
Specification, would be able to idientify and select genetic control regions which 
can be utilized in accordance with the present invention to enhance expression 
of a HARE gene. Examples of specific genetic control regions which may be 
utilized are described in more detail herein below with regard to specific 
recombinant host cells. 

In particular embodiments, the invention concerns isolated DNA segments 
and recombinant vectors mcorporating DNA sequences which encode a HARE 
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gene or a fragment thereof, that includes within its amino add sequence an 
amino acid sequence in accordance with at least a portion of SEQ ID NO: 2 or 
SEQ ID NO: 25. Moreover, In other particular embodiments, the invention 
concerns isolated DNA segments and recombinant vectors incorporating DNA 
sequences which encode a gene that includes within its DNA sequence the DNA 
sequence of a HARE gene or DNA or fragment thereof, and in particular to a 
HARE gene or cDNA or fragment thereof, corresponding to rat liver or human 
spleen HARE. For example, where the DNA segment or vector encodes a full 
length HARE protein, or is Intended for use in expressing the HARE protein, 
preferred sequences are those which are essentially as set forth in SEQ ID N0:2 
or SEQ ID NO:25. In an alternative embodiment, where the DNA segment may 
encode a functional portion of the HARE protein, such as a soluble form of the 
protein which still retains the ability to bind at least one of HA, chondroitin and 
chondroitin sulfate, for example a peptide containing an extracellular domain 
of HARE or an HA-binding domain of HARE, preferred sequences are at least a 
portion of those which are essentially as iset forth in SEQ ID NO: 2 or SEQ ID 
NO: 25. It is within the abilities of one of ordinary skill in the art, given this 
Specification, to identify the DNA segments encoding the cytoplasmic, 
transmembrane and extracellular domains of the HARE protein and to locate 
and select the portions of the amino acid sequences of SEQ ID NO: 2 or SEQ ID 
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NO:25 which encode the extracellular domain of HARE, or a portion thereof, 
and not the cytoplasmic or transmembrane domain of HARE. 

Nucleic acid segments having functional HARE activity may be isolated by 
the methods described herein. The term "a sequence essentially as set forth 
in SEQ ID NO: 2" or ''a sequence essentially as set forth in SEQ ID NO: 25" 
means that the sequence substantially corresponds to at least a portion of SEQ 
ID N0:2 or SEQ ID NO:25, respectively, and has relatively few amino acids 
which are not identical to, or a biologically functional equivalent of, the amino 
acids of SEQ ID N0:2 or SEQ ID NO:25, respectively. The term "biologically 
functional equivalent" is well understood in the art and is further defined in 
detail herein as a gene having a sequence essentially as set forth in SEQ ID 
N0:2 or SEQ ID NO:25, and that is associated with the ability to bind and 
endocytose at least one of HA, chondroitin and chondroitin sulfate. 

One of ordinary skill in the art would appreciate that a nucleic acid 
segment encoding a functionally active HARE may contain conserved or semi- 
conserved amino acid substitutions to the sequences set forth In SEQ ID N0:2 
and SEQ ID NO: 25 and yet still be within the scope of the invention. 

In particular, the art is replete with examples of practitioners ability to 
make structural changes to a nucleic acid segment (i.e. encoding conserved or 
semi-conserved amino acid substitutions) and still preserve its enzymatic or 
functional activity. See for example: (1) Risler et al. ""Amino Acid Substitutions 
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in Structurally Related Proteins. A Pattern Recognition Approach." J. MoL Biol. 
204:1019-1029 (1988) ["... according to the observed exchangeability of amino 
acid side chains, only four groups could be delineated; (i) He and Val; (ii) Leu 
and Met, (iii) Lys, Arg, and Gin, and (iv) Tyr and Phe/']; (2) Niefind et al. 
""Annino Acid Similarity Coefficients for Protein Modeling and Sequence 
Alignment Derived from Main-Chain Folding Anoles." J, MoL Biol, 219:481-497 

(1991) [similarity parameters allow amino acid substitutions to be designed]; 
and (3) Overington etal. ''Environment-Specific Amino Add Substitution Tables: 
Tertiary Templates and Prediction of Protein Folds," Protein Science 1:216-226 

(1992) ["Analysis of the pattern of observed substitutions as a function of local 
environment shows that there are distinct patterns..." Compatible changes can 
be made.] Standardized and accepted functionally equivalent amino acid 
substitutions are presented in Table I. 

These references and countless others indicate that one of ordinary skill 
in the art, given a nucleic acid sequence, could make substitutions and changes 
to the nucleic acid sequence without changing its functionality. Also, a 
substituted nucleic acid segment may be highly similar and retain its functional 
activity with regard to its unadulterated parent, and yet still fail to hybridize 
thereto under standard stringent hybridization conditions. However, while 
hybridization may not occur at such stringent hybridization conditions, 
hybridization may be observed at less stringent, relaxed hybridization 
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conditions. Stringent and relaxed hybridization conditions are discussed in 
more detail herein below. 



TABLE I 



Amino Acid Group 


Conservative and Semi- 
Conservative Substitutions 


NonPolar R Groups 


Alanine, Valine, Leucine^ Isoleucine, 
Proline, Methionine, Phenylalanine, 
Tryptophan 


Polar, but uncharged, R Groups 


Glycine, Serine, Threonine, Cysteine, 
Asparagine, Glutamine 


Negatively Charged R Groups 


Aspartic Acid, Glutamic Acid 


Positively Charged R Groups 


Lysine, Arginine, Histidine 



Another preferred embodiment of the present invention is a purified 
nucleic acid segment that encodes a protein in accordance with SEQ ID NO: 2 
or SEQ ID NO: 25, further defined as a recombinant vector. As used herein, the 
term "recombinant vector" refers to a vector that has been modified to contain 
a nucleic acid segment that encodes a HARE protein, or fragment thereof, such 
as a soluble form of the protein or an HA-binding domain of the protein. The 
recombinant vector may be further defined as an expression vector comprising 
a promoter operatively linked to said HARE encoding nucleic acid segment. 

Yet another preferred embodiment of the present invention is a purified 
nucleic acid segment that encodes an active portion of the protein in 
accordance with a portion of SEQ ID N0:2 or SEQ ID NO:25. For example, the 
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invention also includes a purified nucleic acid segment encoding a soluble form 
of the protein, such as a portion of the protein containing the extracellular 
domain but not the cytoplasmic or transmembrane domains of the protein, 
which retains the ability to bind at least one of HA, chondroitin and chondroitin 
sulfate, or a portion of the protein containing an active HA-binding domain of 
HARE. 

A further preferred embodiment of the present invention Is a host cell, 
made recombinant with a recombinant vector comprising a HARE gene. In a 
preferred embodiment, the recombinant host cell is a eukaryotic cell. As used 
herein, the term "engineered" or "recombinant" cell is intended to refer to a cell 
into which a recombinant gene, such as a gene encoding HARE, has been 
introduced. Therefore, engineered cells are distinguishable from naturally 
occurring cells which do not contain a recombinantly introduced gene. 
Engineered cells are thus cells having a gene or genes introduced through the 
hand of man. Recombinantly introduced genes will either be in the form of a 
cDNA gene, a copy of a genomic gene, or will include genes positioned adjacent 
to a promoter not naturally associated with the particular introduced gene. In 
a preferred embodiment, the recombinantly introduced gene may be integrated 
into the genome of the host cell. 

Where one desires to use a eucaryotlc host system, such as yeast or 
Chinese hamster ovary, African green monkey kidney cells, VERO cells, or the 
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like, it will generally be desirable to bring the HARE gene under the control of 
sequences which are functional in the selected alternative host. In another 
alternative, the vector may contain a cassette which signals for the sequence 
to be integrated into the chronnosonne. The appropriate DNA control sequences, 
as well as their construction and use, are generally well known In the art as 
discussed in nnore detail herein below. 

In preferred embodiments, the HARE-encoding DNA segments further 
include DNA sequences, known In the art functionally as origins of replication 
or "replicons", which allow replication of contiguous sequences by the particular 
host. Such origins allow the preparation of extrachromosomally localized and 
replicating chimeric segments or plasmlds, to which HARE DNA sequences are 
ligated. In one instance, the employed origin is one capable of replication in 
bacterial hosts suitable for biotechnology applications. However, for more 
versatility of cloned DIMA segments, it may be desirable to alternatively or even 
additionally employ origins recognized by other host systems whose use is 
contemplated (such as in a shuttle vector). 

The Isolation and use of other replication origins such as the SV40, 
polyoma or bovine papilloma virus origins, which may be employed for cloning 
or expression in a number of higher organisms, are well known to those of 
ordinary skill in the art. In certain embodiments', the invention may thus be 
defined in terms of a recombinant transformation vector which includes the 
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HARE coding gene sequence together with an appropriate replication origin and 
under the control of selected control regions. 

Thus, it will be appreciated by those of skill in the art that other methods 
may be used to obtain the HARE gene or cDNA, in light of the present 
disclosure. For example, polymerase chain reaction or RT-PCR produced DNA 
fragments may be obtained which contain full complements of genes orcDNAs 
from a number of sources, including other eukaryotic sources, such as cDNA 
libraries. Virtually any molecular cloning approach may be employed for the 
generation of DMA fragments in accordance with the present invention. Thus, 
the only limitation generally on the particular method employed for DNA 
isolation is that the isolated nucleic acids should encode a biologically functional 
equivalent HARE. 

Once the DNA has been isolated, it is ligated together with a selected 
vector. Virtually any cloning vector can be employed to realize advantages in 
accordance with the invention. Typical useful vectors include plasmids, 
cosmids, phages and viral vectors for use In prokaryotic or eukaryotic 
organisms. Examples include pKK223-3, pSA3, pcDNAS.l, recombinant 
lambda, SV40, polyoma, adenovirus, bovine papilloma virus and retroviruses. 

One procedure that would further augment HARE gene copy number is 
the insertion of multiple copies of the gene into the vector. Another technique 
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would include integrating the HARE gene or nnultiple copies thereof into 
chromosomal DNA. 

Where a eukaryotic source such as tissues rich in sinusoidal cells of the 
reticuloendothelial system such as liver, spleen, lymph node and bone marrow 
is employed, one will desire to proceed initially by preparing a cDNA library. 
This is carried out first by isolation of mRNA from the above cells, followed by 
preparation of double stranded cDNA using an enzyme with reverse 
transcriptase activity and ligation with the selected vector. Numerous 
possibilities are available and known in the art for the preparation of the double 
stranded cDNA, and all such techniques are believed to be applicable. A 
preferred technique involves reverse transcription. Once a population of double 
stranded cDNAs is obtained, a cDNA library is prepared in the selected host by 
accepted techniques, such as by ligation into the appropriate vector and 
amplification in the appropriate host. Due to the high number of clones that are 
obtained, and the relative ease of screening large numbers of clones by the 
techniques set forth herein, one may desire to employ phage expression 
vectors, such as Agtll, Agtl2, AGemll, and/or AZAP for the cloning and 
expression screening of cDNA clones. 

In certain other embodiments, the invention concerns isolated DNA 
segments and recombinant vectors that include within their sequence a nucleic 
acid sequence essentially as set forth in SEQ ID N0:1 or SEQ ID NO: 24. The 
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term "essentially as set forth in SEQ ID NO : 1" or "essentially as set forth In SEQ 
ID NO: 24" is used in the same sense as described above and means that the 
nucleic acid sequence substantially corresponds to a portion of SEQ ID N0:1 or 
SEQ ID NO; 24, respectively, and has relatively few codons which are not 
Identical, or functionally equivalent, to the codons of SEQ ID N0:1 or SEQ ID 
NO: 24, respectively; The term "functionally equivalent codon" is used herein 
to refer to codons that encode the same amino acid, such as the six codons for 
arginlne or serine, as set forth in Table I, and also refers to codons that encode 
biologically equivalent amino acids. 

It will also be understood that amino acid and nucleic acid sequences may 
include additional residues, such as additional N- or C-terminal amino acids or 
5' or 3' nucleic acid sequences, and yet still be essentially as set forth in one of 
the sequences disclosed herein, so long as the sequence meets the criteria set 
forth above, including the maintenance of biological protein activity where 
protein expression and receptor activity (i.e., HA, chondroitin or chondroitin 
sulfate binding) is concerned. The addition of terminal sequences particulariy 
applies to nucleic acid sequences which may, for example, include various non- 
coding sequences flanking either of the 5' or 3* portions of the coding region or 
may include various Internal sequences, which are known to occur within genes. 

Allowing for the degeneracy of the genetic code as well as conserved and 
semi-conserved substitutions, sequences which have between about 40% and 
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about 80%; or more preferably, between about 80% and about 90%; or even 
more preferably, between about 90% and about 99%; of nucleotides which are 
Identical to the nucleotides of SEQ ID N0:1 or SEQ ID NO:24 will be sequences 
which are "essentially as set forth in SEQ ID N0:1" or "essentially as set forth 
in SEQ ID NO:24", respectively. Sequences which are essentially the same as 
those set forth in SEQ ID N0:1 or SEQ ID NO:24, respectively, may also be 
functionally defined as sequences which are capable of hybridizing to a nucleic 
acid segment containing the complement of SEQ ID N0:1 under stringent or 
relaxed hybridizing conditions. Suitable standard hybridization conditions will 
be well known to those of skill in the art and are clearly set forth herein. 

The term "standard hybridization conditions" as used herein is used to 
describe those conditions under which substantially complementary nucleic acid 
segments will form standard Watson-Crick base-pairing. A number of factors 
are known that determine the specificity of binding or hybridization, such as pH, 
temperature, salt concentration, the presence of agents, such as formamlde 
and dimethyl sulfoxide, the length of the segments that are hybridizing, and the 
like. When it is contemplated that shorter nucleic acid segments will be used 
for hybridization, for example fragments between about 14 and about 100 
nucleotides, salt and temperature preferred conditions for hybridization will 
include 1.2-1.8 x HPB at 40-50*'C. When it is contemplated that longer nucleic 
acid segments will be used for hybridization, for example fragments greater 
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than 100 nucleotides, salt and temperature preferred conditions for 
hybridization will include 1.2-1.8 x HPB at 60-70*'C. 

The term ''standard hybridization conditions" includes stringent 
hybridization conditions as well as relaxed hybridization conditions. In general, 
when the temperature is increased and salt concentration (ionic strength) is 
decreased in the wash, the conditions become more stringent; these conditions 
favor hybrid interactions that have a higher degree of complementarity.. When 
the annealing and wash conditions are at lower temperature and higher ionic 
strength, less complementary hybrids, which might not be present under more 
stringent conditions, can be stabilized. For example, to screen the A-ZAP 
EXPRESS^" rat LECs cDNA library relatively high-stringency conditions (60 °C 
overnight in QUIKHYB™ hybridization solution followed by two washes for 15 
minutes each at room temperature with 2x SSC, 0.1% SDS and two washes for 
30 minutes each at 50 °C with O.lx SSC, 0.1% SDS) were used. However, less 
stringent hybridization conditions were used to screen a genomic DNA library 
that was expected to contain numerous exons separated by noncomplementary 
introns (40 ?C overnight in QUIKHYB"^ hybridization solution, two washes for 
15 minutes each at room temperature with 2x SSC, 0.1% SDS and one wash 
for 30 minutes at 40 X with O.lx SSC-0.1% SDS). 

Naturally, the present invention also encompasses DNA segments which 
are complementary, or essentially complementary, to the sequence set forth 
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in SEQ ID N0:1 or SEQ ID N0:24. Nucleic acid sequences which are 
"complementary" are those which are capable of base-pairing according to the 
standard Watson-Crick complementarity rules. As used herein, the term 
"complementary sequences" means nucleic acid sequences which are 
substantially complementary/ as may be assessed by the same nucleotide 
comparison set forth above, or as defined as being capable of hybridizing to the 
nucleic acid segment of SEQ ID N0:1 or SEQ ID l\IO:24. 

The present invention also includes primers which may be utilized to 
amplify the coding region of HARE or portions thereof. For example, purified 
nucleic acid segments according to SEQ ID N0:3 and SEQ ID N0:4 (Table II) 
are capable of hybridizing to SEQ ID NO: 1, while purified nucleic acid segments 
according to SEQ ID N0:5 and SEQ ID N0:6 (Table III) are capable of 
hybridizing to SEQ ID NO: 24. Other primers which may be utilized in 
accordance with the present invention are listed in Tables II and III. However, 
it is to be understood that the present invention is not limited to such primers, 
and a person of ordinary skill in the art, given this Specification, will be able to 
identify and select primers which can be utilized to amplify the coding region of 
HARE, or a portion thereof, such as an extracellular domain or an HA-binding 
domain of HARE. The present invention also includes primers which are 
engineered to Introduce a restriction site into a DNA sequence to aid in cloning 
of such DNA sequence. Examples include SEQ ID N0:21, SEQ ID NO:22 and 
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SEQ ID NO:23. However, it is within the skill of one in the art to create 
restriction sites in a DNA segment which aid in ligation of such DNA segment to 
a vector having a particular cloning site consisting of a set of restriction sites, 
and therefore, the present invention is not limited to the primers listed herein. 

The nucleic acid segments of the present invention, regardless of the 
length of the coding sequence itself, may be combined with other DNA 
sequences, such as promoters, polyadenylation signals, additional restriction 
enzyme sites, multiple cloning sites, epitope tags, poly histidine regions, other 
coding segments, and the like, such that their overall length may vary 
considerably. It is therefore contemplated that a nucleic acid fragment of 
almost any length may be employed, with the total length preferably being 
limited by the ease of preparation and use in the intended recombinant DNA 
protocol. 

Naturally, it will also be understood that this invention is not limited to the 
particular nucleic acid sequences of SEQ ID N0:1 and SEQ ID N0:24 and amino 
acid sequences of SEQ ID N0:2 and SEQ ID NO:25. Recombinant vectors and 
isolated DNA segments may therefore variously include the HARE coding 
regions themselves, coding regions bearing selected alterations or modifications 
in the basic coding region, or they may encode larger polypeptides which 
nevertheless include HARE-coding regions or may encode biologically functional 
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equivalent or precursor proteins or peptides which have variant amino acids 
sequences. 

The DNA segments of the present invention encompass biologically 
functional equivalent HARE proteins and peptides. Such sequences may arise 
as a consequence of codon redundancy and functional equivalency, which are 
known to occur naturally within nucleic acid sequences and the proteins thus 
encoded. Alternatively, functionally equivalent proteins or peptides may be 
created via the application of recombinant DNA technology, in which changes 
in the protein structure may be engineered, based, on considerations of the 
properties of the amino acids being exchanged. Changes designed by man may 
be introduced through the application of site-directed mutagenesis techniques, 
e.g., to introduce improvements to the functional activity or to antigenicity of 
the HARE protein. 

A preferred embodiment of the present invention is a purified composition 
comprising a polypeptide having an amino acid sequence in accordance with 
SEQ ID N0:2 or an amino add sequence in accordance with SEQ ID NO:25. The 
term "purified" as used herein, is intended to refer to a HARE protein 
composition, wherein the HARE protein or appropriately modified HARE protein 
(e.g. containing a [HIS]^ tail) is purified to any degree relative to its naturally- 
obtainable state. The invention also includes a purified composition comprising 
a polypeptide having an amino acid sequence in accordance with a portion of 
SEQ ID N0:2 or SEQ ID NO:25 wherein the polypeptide is capable of selectively 
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binding at least one of HA, chondroitin and chondroitin sulfate. The ligand blot 
assay described herein below and utilized herein may be utilized to assay for 
such an HA-binding domain of HARE. 

Turning to the expression of the HARE gene whether from genomic DNA, 
or a cDNA, one may proceed to prepare an expression system for the 
recombinant preparation of the HARE protein. The engineering of DNA 
segment(s) for expression in a eukaryotic system may be performed by 
techniques generally known to those of skill in recombinant expression. 

Another embodiment of the present invention is a method of preparing a 
protein composition comprising growing a recombinant host cell comprising a 
vector that encodes a protein which includes an amino acid sequence in 
accordance with SEQ ID N0:2 or SEQ ID NO:25 or an amino acid sequence 
which is functionally similar with conserved or semi-conserved amino acid 
changes. The host cell will be grown under conditions permitting nucleic acid 
expression and protein production followed by recovery of the protein so 
' produced. The production of HARE, including the host ceil, conditions permitting 
nucleic acid expression, protein production and recovery will be known to those 
of skill in the art in light of the present disclosure of the HARE gene, and the 
- HARE gene protein product HARE, and by the methods described herein. 

It is similarly believed that almost any eukaryotic expression system may 
be utilized for the expression of HARE e.g., baculovirus-based, giutamine 
synthase-based; dihydrofolate reductase-based systems, SV-40 based, 
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adenovirus-based, cytomegalovirus-based, yeast-based, and the like, could be 
employed. For expression in this manner, one would position the coding 
sequences adjacent to and under the control of a promoter. It is understood in 
the art that to bring a coding sequence under the control of such a promoter, 
one positions the 5' end of the transcription initiation site of the transcriptional 
reading frame of the protein between about 1 and about 50 nucleotides 
"downstream" of (i.e., 3* of) the chosen promoter. 

Where eukaryotic expression is contemplated, one will also typically desire 
to incorporate into the transcriptional unit which includes the HARE gene or 
DNA, an appropriate polyadenylation site (e.g., 5'-AATAAA-3') if one was not 
contained within the original cloned segment. Typically, the poly A addition site 
is placed about 30 to 2000 nucleotides "downstream" of the termination site of 
the protein at a position prior to transcription termination. 

It is contemplated that virtually any of the commonly employed host cells 
can be used in connection with the expression of HARE in accordance herewith. 
Examples of preferred cell lines for expressing HARE cDNA of the present 
invention include cell lines typically employed for eukaryotic expression such as 
239, AtT-20, HepG2, VERO, HeLa, CHO, WI 38, BHK, COS-7, 293, RIN and 
MDCK cell lines. This will generally include the steps of providing a recombinant 
host bearing the recombinant DNA segment encoding a functionally active HARE 
or an active peptide fragment thereof and capable of expressing the functionally 
active HARE or the active peptide fragment thereof; culturing the recombinant 
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host under conditions that will allow for expression of the recombinant DNA 
segment; and separating and purifying the functionally active HARE protein or 
the active peptide fragment thereof which is able to specifically bind at least one 
of HA, chondroitin and chondroitin sulfate from the recombinant host. 

Generally, the conditions appropriate for expression of the cloned HARE 
gene or cDI^JA will depend upon the promoter, the vector, and the host system 
that is employed. For example, where one employs the lac promoter, one will 
desire to induce transcription through the inclusion of a material that will 
stimulate lac transcription, such as isopropyithiogalactoside. Where other 
promoters are employed, different materials may be needed to induce or 
otherwise up-reguiate transcription. 

The present invention further includes antibodies raised against the 
Hyaluronan Receptor for Endocytosis proteins or fragments thereof described 
herein, and which are able to selectively bind an epitope of the HARE. In one 
instance, binding of the antibody to the HARE inhibits the binding of at least one 
of HA, chondroitin and chondroitin sulfate to HARE and subsequently prevents 
endocytosis of at least one of HA, chondroitin and chondroitin sulfate by the 
HARE. Methods of producing such antibodies generally involve immunizing a 
non-human animal with an immunogenic fragment of the HARE protein. In a 
preferred embodiment, the immunogenicfragment may comprise an HA-binding 
domain of HARE. Methods of producing such antibodies are well known to a 
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person of ordinary skill in the art, and therefore no further description is 
required. 

In a preferred embodiment, the antibody of the present invention is a 
monoclonal antibody. The term "monoclonal antibody" as used herein refers to 
a homogenous preparation of antibody nnolecules, produced by a hybridoma, 
all of which exhibit the same primary structure and antigenic specificity. That 
is, all of the antibody molecules of a particular monoclonal antibody preparation 
recognize and selectively bind the same epitope of HARE. The monoclonal 
antibodies are produced by methods generally well known to a person of 
ordinary skill in the art, and briefly involve culturing the hybridoma cell 
producing the monoclonal antibody specific for HARE under conditions that 
permit production of such monoclonal antibody. 

The monoclonal antibodies of the present invention may be utilized in 
methods requiring administration of such or similar monoclonal antibody to a 
subject, such as a human. However, when the monoclonal antibodies are 
produced in a non-human animal, such as a rodent, administration of such 
antibodies to a human patient will normally elicit an immune response, wherein 
the immune response is directed towards the antibodies themselves. Such 
reactions will limit the duration and effectiveness of the therapy. To overcome 
such problem, the monoclonal antibodies of the present invention may be 
''humanized", that is, the antibodies are engineered such that antigenic portions 
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thereof are removed and like portions of a human antibody are substituted 
therefor, while the antibodies' affinity for an epitope of HARE is retained. This 
engineering may only involve a few amino acids, or may include entire 
framework regions of the antibody, leaving only the complementarity 
determining regions of the antibody intact. Several methods of humanizing 
antibodies are known in the art and are disclosed in US Patent Nos. 6,180,370, 
issued to Queen et a! on January 30, 2001; 6,054,927, issued to Brickell on 
April 25, 2000; 5,869,619, issued to Studnicka on February 9, 1999; 
5,851,155, issued to Lin on January 19, 1999; 5,712,120, issued to Rodriquez 
et al on January 27, 1998; and 4,816,567, issued to Cabilly et al on March 28, 
1989, the Specifications of which are all hereby expressly incorporated herein 
by reference. Therefore, no further explanation of methods of humanizing 
antibodies is required herein. 

Such monoclonal antibodies may be utilized to purify functionally active 
HARE from a biological sample containing HARE via affinity purification. In 
preferred embodiments, the biological sanriple may be a tissue rich in sinusoidal 
cells of the reticuloendothelial system, such as at least one of liver, spleen, 
lymph nodes and bone marrow. However, it is to be understood that the 
biological sample may be any sample containing a functionally active HARE. 

Affinity purification of proteins utilizing antibodies raised against such 
proteins is well known to a person of ordinary skill in the art. Briefly, an affinity 
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matrix comprising a monoclonal antibody of the present invention bound to a 
solid support may be produced by methods well known in the art, and the 
biological sample may be contacted with the affinity matrix such that HARE in 
the biological sample binds to the monoclonal antibody of the affinity matrix. 
The HARE bound to the monoclonal antibody of the affinity matrix may be 
separated from the remainder of the biological sample by methods well known 
in the art. The HARE protein is then released from the monoclonal antibody of 
the affinity matrix and eluted from the affinity column by the addition of a 
solution, referred to as an eluate, which disrupts the binding between the HARE 
protein and the antibody. Such eluates are well known in the art, and may 
include solutions having a lower pH, solutions having a higher salt 
concentration, and the like. In preferred embodiments, the solution utilized for 
eiution of the HARE protein is based on the ability of the solution to retain the 
functional activity of the HARE protein. That is, exposure to low pH or high salt 
may affect the conformations of some proteins, and therefore an eluate is 
chosen that does not have any effect on the activity of the protein to be eluted. 

In another embodiment of the present invention, a method of identifying 
compounds which inhibit binding of at least one of HA, chondroitin and 
chondroitin sulfate to HARE is provided. The method includes providing a 
purified fragment of HARE capable of binding at least one of HA, chondroitin and 
chondroitin sulfate, forming a first affinity matrix comprising the purified 
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fragment of HARE bound to a solid support, contacting a test compound with 
the first affinity matrix to form a treated affinity matrix, contacting at least one 
of HA, chondroitin and chondroitin sulfate with the first affinity matrix and 
contacting HA with the treated affinity matrix, and determining that the test 
compound inhibits binding of at least one of HA, chondroitin and chondroitin 
sulfate to HARE when at least one of HA, chondroitin and chondroitin sulfate 
binds to a greater extent to the first affinity matrix than to the treated affinity 
matrix. The purified fragment of HARE may be a soluble fragment of HARE, 
such as an extracellular domain of HARE or an HA-binding domain of HARE. 

In yet another embodiment of the present invention, a method of treating 
a liquid solution containing at least one of HA, chondroitin and chondroitin 
sulfate is provided. Such method includes providing an affinity matrix 
comprising a functionally active fragment of HARE, as described herein above, 
bound to a solid support, and exposing a quantity of the liquid solution to the 
affinity matrix wherein at least one of HA, chondroitin and chondroitin sulfate 
contained in the liquid solution is removed therefrom. Such liquid solution may 
be blood or plasma, such as when blood or plasma is removed from a dialysis 
patient and filtered to remove contaminants and waste. 

The following examples illustrate the practice of the preferred 
embodiments of the present invention. However, the present invention is not 
limited to the examples set forth. 
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EXAMPLE 
Materials and Methods 

Preparation ofLECs and LEC membranes. LECs were isolated from male 
Harlan Sprague-Dawiey rats (Harlan, Indianapoiis, IN) by a modified 
collagenase perfusion procedure (Oka and Weigei, J. Cell Biochem. 36:169 
(1988)), followed by differential centrifugation and then discontinuous Percoll 
gradient fractionation. The final LECs were collected from the 25/50% interface 
and washed three times with phosphate-buffered saline at 4°C, and are greater 
than about 95% pure. For preparation of LEC membranes, the cells were 
hypotonically swollen, homogenized, and centrifuged at lOOOXg. The 
supernatant was then centrifuged at 105,000Xg to obtain the total membrane 
fraction, which was stored frozen at -80°C with no loss in HARE activity. 

LEC Culture and HA Endocytosis. The LECs were collected from the first 
PBS wash after Percoll gradient fractionation. They were washed twice with 
RPMI-1640 (GIBCO) containing penicillin/streptomycin (100 units each) and 2 
mM glutamine and plated at 1.5-2 X 10^ cells/ml on fibronectin-coated (50 
jug/ml) 24-well tissue culture plates for endocytosis experiments or glass 
coverslips for microscopy. After incubation at ST'C for two hours in a 5% COj 
atmosphere, the cells were washed three times with PBS, once with RPMI-1640 
and put back in RPMI-1640 without serum if they were to be used immediately 
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or With 2% heat inactivated bovine serum if they were to be cultured overnight 
before use. 

Ligand Blot Assay, Sannples were solubilized in an SDS sample buffer: 16 
mM Tris-HCI, pH 6.8, 2% SDS, 5% glycerol, and 0.01% bromophenol blue. No 
reducing agent was added unless as noted. Cell or membrane samples were 
sonicated on ice for 10-20 seconds. After SDS-PAGE, the gel was 
electrotransferred to a 0.1/zm nitrocellulose membrane for 2 hours at 24 volts 
at 4°C using 25 mM Tris, pH 8.3, 192 mM glycine, 20% methanol, and 0.01% 
SDS. The nitrocellulose was treated with TBS, 0.05% TWEEN^- 20 at 4°C for 
two hours or overnight, and then incubated with 2 ^g/ml ^^^I-HA in TBS with or 
without a 150-fold excess of non-labeled HA (as competitor) to assess total or 
nonspecific binding, respectively. The nitrocellulose membrane was washed five 
times (five minutes each) with 0.05% TWEEIVi"^-20 in TBS and dried, and the 
^^^I-HA bound to protein was detected by autoradiography with Kodak BioMax 
film. Nonspecific binding in this assay is typically less than about 5%. 

Monoclonal Antibody Production. The starting antigen for mAb production 
was a highly purified fraction of the 175HARE from rat LEG membranes. After 
testing a battery of nine lectin res'ms for their ability to bind HARE, RCA-1 lectin 
was chosen because HARE binding was quantitative, easily displaced with 
lactose and a significant purification from other membrane proteins was 
obtained. A further advantage of lectin chromatography as a purification step 



58 



wo 01/81544 



PCTAJSOl/13403 



is the ability to elute the LEC HARE in a relatively small volume. The eiuted 
HARE was then subjected to nonreducing continuous elution SDS-PAGE using 
a Bio-Rad Model 491 Prep Cell at 22°C and a flow rate of 0.8 ml/minute to 
separate individual proteins (FIG. 1). The running and elution buffers were 
0.1% SDS, 25 mM Tris-190 mM Glycine, pH 6.8, The fractions were screened 
using the ^^^I-HA ligand blot assay and the nitrocellulose membrane was stained 
with copper phthalocyanine tetrasulfonic acid tetrasodium salt after the ligand 
blot assay to compare protein content and concentration in various fractions. 

The eiuted 175 kDa fractions were pooled, concentrated and used to 
immunize four mice. Two mice were each immunized with 20 fj.g of purified 
nonreduced protein and the other two mice were each immunized with 20 /^g 
of purified protein that was first reduced with 10 mM DTT and then alkylated 
with 50 mM iodoacetamide. The mice were boosted twice at two-week intervals 
and blood was drawn from tall veins 6 weeks after the first Immunization. The 
sera was tested for specific Ab by ELISA. Standard procedures (Harlow and 
Lane, 1988) were followed for cell fusion and limited dilution cloning. Briefly, 
10® immunized mouse spleen cells were mixed with 2X10^ SP 2/0-Ag 14 
myeloma cells and fused in the presence of 50% polyethylene glycol (MW = 
1500). The hybrid cells were seeded in 96-well flat bottom plates in HAT 
selection medium. The hybridoma supernatants were screened using an ELISA 
assay with the 175 kDa antigen. Consistently positive hybridoma clones were 
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used to produce ascites fluid as described by Harlow and Lane (1988). 
Antibody isotypes (ido) were determined using the ISO Strip kit from 
Boehringer Mannheim. 

EUSA for Quantitation of Anti-HARE Activity. The 96-weil EUSA plates 
were coated using 100 ^\ of 10 fig/m\ purified 175 kDa protein at 4**C overnight 
and then blocked with 1% BSA-TBS for one hour at room temperature. Pre- 
immune or immune serum or hybridoma supernatant (100 /zl) was added to 
each well. The plate was incubated for two hours at room temperature, washed 
6 times with 0.05% TWEEN^'^-20-TBS, and the secondary reagent, a mixture 
of goat anti-mouse IgG, IgM and IgA alkaline phosphatase conjugates (about 
2 ^g/ml each in about 100 f^\) was added. The plate was incubated for two 
hours at room temperature and washed five times for five minutes each with 
0.05%TWEEN^-20-TBS and 100 ptl of freshly prepared p-nitrophenylphosphate 
substrate solution (as prepared using the Phosphatase Substrate System kit 
from Kirkegaard & Perry Laboratories) was added to each well. After incubation 
for 30-60 minutes at 37*^0, 100 jtzl of 5% EDTA solution was added to the wells 
to stop the reaction. The plate was then read at 405 nm using a Spectra Max 
340 (Molecular Devices). 

Immunofluorescence. For analysis of rat tissues liver, spleen, brain, 
heart, kidney, muscle, lung, intestine, bone marrow and lymph node were 
minced on ice and fixed in 4% formaldehyde overnight at room temperature. 
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Tissue sections (5 pern) were prepared by the Department of Pathology, 
University of Oklahoma Health Sciences Center. Sections were then dewaxed 
5 times for 5 minutes each with xylene, followed by 5 washes for 5 minutes 
each with alcohol at room temperature. The tissue was treated with 0.05% 
trypsin, 0.53 mM EDTA for 30 minutes at room temperature, washed with TBS 
and then blocked with 10% goat serum in TBS at 4°C overnight. A 1:250 
dilution of individual ascites fluid or mixtures of ascites (100 mO was added and 
the tissue slide was incubated for two hours at room temperature. The slide 
was washed five times for five minutes each with TBS at room temperature. 
Goat anti-mouse IgG-Rhodamine Red conjugate (10 jug/ml) was then added and 
the incubation continued for one hour at room temperature. The tissue slide 
was washed five times for five minutes each with TBS and a solution of 
SLOWFADE^'^ from (Molecular Probes was added. A cover slip was overlaid, the 
edge sealed with finger nail polish, and the slides were viewed by fluorescence 
microscopy using a Nikon Diaphot 300 or by confocal microscopy using a LEICA 
TCS NT. For analysis of cultured LECs, the cells were cultured overnight on 
glass coversllps, fixed in 4% formaldehyde in PBS for 20 minutes at 23°C and 
then permeabilized with 0.1% Triton X-100. Nonspecific binding was minimized 
by incubating the cells for 1-2 hours in TBS containing 10% goat serum and 1% 
bovine serum albumin. The cells were then washed, incubated for one hour at 
23X with 5 peg/ml ascites from mAb-235 or normal mouse serum, washed, 
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stained and processed as above with goat anti-mouse IgG conjugated to 
rhodamine red. 

Immunocytochemistry. Rat tissues were dissected within 15 min after 
sacrifice and fixed in 10% neutral buffered formaldehyde at room temperature 
for 2 h, processed and paraffin embedded overnight on a Tissue Tek V.I.P 
processor. Tissue sections (5 pm) were collected on charged slides, and dried 
at 60°C overnight. The slides were dewaxed 3 times for 3 min each with 
xylene, followed by 4 washes for 3 min each with alcohol (100%, 95%, 90%, 
70%), followed by a single 2 min wash in water at room temperature. The 
endogenous peroxidase activity was quenched with 3% hydrogen peroxide for 
6 min, followed by two 2 min water washes. The slides were digested for 15 
min at 37°C in pre-warmed O.IN HCI containing 0.32 mg/ml pepsin, followed 
by a 2 min water wash and a 2 min PBS wash. The slides were washed with 
PBS and incubated with the appropriate primary antibody (1:500) at room 
temperature for 60 min. After a 1 min PBS wash, the slides were treated with 
secondary antiserum (biotinylated horse anti-mouse, 1 :200) for 30 min at room 
temperature. After another PBS rinse, the slides were incubated with 
streptavidin- horseradish peroxidase (1:1000 from Jackson Labs) for 30 min, 
washed once with PBS and once with distilled water. Color development was for 
5 min with 2.0% (v/v) aminoethylcarbazine and hydrogen peroxide according 
to the manufacturer's instructions (ScyTek, Utah), followed by counterstaining 
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with hematoxylin. Slides were viewed with an Olympus BX-40 light microscope 
equipped with an Olympus DPIO digital camera for photography. 

Purification of the HARE. LEC membranes from 18 rats were suspended 
in 3.6 ml of TBS, 2% NONIDET"" P-40 and mixed by rotation at 4°C for two 
hours. The solubilized membranes were diluted with TBS. to 0.5% NONIDEP" 
P-40, centrifuged for 30 minutes at 100,OOOXg, and the supernatant was loaded 
at room temperature onto a RCA-I gel column (10 ml). The column was 
washed with 10 volumes of TBS, 0.05% TWEEN^"-20. Bound proteins were 
eluted with 100 mM lactose in distilled water, dialyzed against multiple changes 
of TBS at 4°C overnight, concentrated 10-fold using a CENTRICON^"-30 (from 
Amicon), and then passed over an immuno-affinity column (about 8 ml) 
containing monoclonal antibody 175HAR-30 coupled to CNBr-activated 
Sepharose (about 2 mg/ml resin). The affinity column was washed with 10 
volumes of 0.05% TWEEN^"-20 in TBS and then eluted with 100 mM sodium 
citrate, pH 3.0. Eluted fractions were neutralized by collection into 1 M Tris. 
Fractions containing protein were pooled, dialyzed against TBS at 4°C 
overnight, and then concentrated using a CENTRICON^"-30 (Amicon). 

Deglycosylation of H ARBs with N-Glycopeptidase F. Purified HARE (1.17 
^g) was heated with 0.05% SDS at 90°C for three minutes. Samples (22 ^1) 
were chilled on ice for four minutes and then 0.5 M Tris-HCI, pH 7.2, was added 
to a final concentration of 10 mM. One-half unit of A/-Glycopeptidase F and 
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distilled water were added to give a final volume of 25 pl\. The samples were 
incubated at 37°C overnight, 9 /zl of 4-fold concentrated SDS sample buffer was 
added, and they were heated for three minutes at 90°C. The samples were 
subjected to SDS-PAGE, and protein was detected by silver staining, or receptor 
activity was determined by the ^^I-HA iigand blot assay. 

Two-Dimensional Electrophoresis. Affinity-purified HARE (about 1.5 peg) 
was subjected to SDS-PAGE without reduction, and the gel was stained with 
Coomassie Blue. The 175- and 300 kDa proteins, in the case of the rat HARE, 
or the 190 kDa and about 315 kDa proteins, in the case of the human HARE, 
were excised from the gel, cut into smaller pieces, divided into two portions, 
and incubated at 90°C for four minutes in SDS sample buffer, with or without 
reduction using 10 mM dithiothreitol followed by 50 mM iodoacetamide 
(identical results were also obtained with or without reduction using 1,25% (3- 
mercaptoethanol). The samples were then subjected to a second dimension of 
SDS-PAGE in the absence of reducing agent, and parallel portions were 
processed in-gel to identify the proteins by silver staining or after transfer to 
nitrocellulose in order to assess HARE activity by the ^^^I-HA ligand-blot assay 
described herein above. 

Sequencing of HARE. Rat LEC HARE was purified from membrane extracts 
by successive immunoaffinity chromatography with RCA-I agarose and then 
mAb-30 Sepharose as described herein above. The purified proteins were 
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subjected to SDS-PAGE and stained with Coomassie Blue. The 175 kDa HARE 
protein band was excised and sent to Dr. William Lane at the Harvard 
Microchemistry Facility for internal peptide sequence analysis after trypsin 
digestion. Additionally, some 175 kDa HARE was partially purified by two- 
dimensional electrophoresis (isoelectric focusing followed by SDS-PAGE) as 
described herein above, and the appropriate protein zones were sent to the 
Rockefeller University Microchemistry Facility for internal sequence analysis of 
tryptic peptides. N-terminal sequence analysis of Immunoaffinity-purified 175 
kDa HARE was also performed by Dr. Ken W. Jackson in the Molecular Biology 
Resource Facility of the William K. Warren Medical Research Institute, University 
of Oklahoma Health. Sciences Center. 

The resulting amino acid sequences of peptides (Table II) obtained by the 
Harvard facility {GT-68 (SEQ ID N0:8), GT-81 (SEQ ID N0:9), GT-123 (SEQ ID 
NO:10), GT-139 (SEQ ID N0:11), and GT-208 (SEQ ID N0:12)) and the 
Rockefeller University Facility (peptide 1 (SEQ ID NO: 13), peptide 3 (SEQ ID 
N0:14) and peptide 5 (SEQ ID N0:15)) were used to design degenerate 
oligonucleotide primers for RT-PCR analysis and to confirm isolation of the 
correct cDNA. 

RT-PCR, Total RNA from isolated rat LECs was prepared using TRIzol 
reagent, and the mRNA was isolated from total RNA using a polyAtract mRNA 
Isolation Kit following the manufacturer's recommended protocols. First-strand 
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cDNA was synthesized using tlie thermoscript RT-PCR system fronn Life 
Technologies with random hexameric oligonucleotides or oligo(dT)2o. The PCR 
reactions were carried out with incubation at 94*'C for 2 minutes; 30 cycles of 
for 30 seconds, 72X for 6 minutes and 94^C for 30 seconds; one cycle 
of 45°C for 30 seconds and 72°C for 15 minutes using degenerate 
oligonucleotide primers (Table II) based on a particular unique peptide 
sequence. The PCR products were cloned into pCR^"2.1 or pTrcHis2 expression 
vector using TA CLONING^ kits from iQvitrogen. 

cDNA library screening. An endothelial cell cDNA expression library was 
prepared from LEC mRNA in AZAP EXPRESS""" by Stratagene. Approximately 
2.4x10^ pfu were screened with two 7-digoxigenin-labeled cloned RT-PCR 
products produced with primer pair 208F-123R (SEQ ID N0:3 and SEQ ID 
NO: 16, respectively) (370 bp) and 123F-81R (SEQ ID NO: 17 and SEQ ID 
NO: 18, respectively) (1,500 bp). All screening was performed on duplicate 
nitrocellulose filters. The nitrocellulose membranes were denatured in 1.5 M 
NaCI, 0.5 M NaOH for 2 minutes, neutralized in 1.5 M NaCI, 0.5 M Tris, pH 8.0 
for 5 minutes, rinsed with 0.2 M Tris, pH 7.5 in 2x SSC for 30 seconds, and 
then baked at 80X for 1 hour. After pre-hybridization at 45°C for 30 minutes 
in QuikHyb Hybridization Solution, the membranes were allowed to hybridize 
overnight at 45'*C with a mixture of two digoxygenin-labeled probes, which 
were PCR products derived 
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Table II 



Summary of Oligonucleotides and Amino acid Sequences Derived 
From Peptides of the Rat 175 kDa HARE Protein 



HARE Peptide 


SEQ ID 


Amino acid 


Start-end 


Designation 


NO: 


Sequence residue number 


GT-68 


8 


PLGQYK 


1070-1075 


GT-81 


9 


AYPTTYASQK 


1120-1129 


GT-123 


10 


VLQDLTTVAANHGYTK 


604-619 


6T-139 


11 


QLYVNEAPIDYTNVATDK 


103-120 


GT-208 


12 


UGPGPFTVFAPLSSSFNHEPR 


488-509 


Peptide 1 


13 


DILRYHWL6EK 


62-73 


Peptide 3 


14 


VLEIQK 


129-134 


Peptide 5 


15 


LEALPEQQDFLFNQDIMK 


651-668 


N-terminal 


27 


SLPSLLTRLEQMPDYSIF(major) 


1-18 


N-terminal 


28 


XXVIHGLEKVXXIQKNR (minor) 


122-136 




SEQ ID 


Oligonucleotides 




Designation 


IMO: 


Sequence 




SIR 


18 


5'-GCRTAIGTNGTNGGRTANGC 


123R 


16 


5'-TAICCRTGRTTNGCi\IGCNAC 


123F 


17 


5'-GTNGCNGCNAAYCAYGGITA 


208F 


3 


5'-CCNTTYACNGTI\JTTYGCICC 


GSP-IR 


19 


S'-CTCCAAACACGGGTTGATT 


rc 


GSP-lR{Asnl) 


22 


S'-CTCCAAACACGGATrAATT 


rc 


GSP-lF(>AsnI) 


23 


5'-GAAA7TA4TCCGTGTTTGGAG 


GSP-2R 


20 


5'-TG6GGTGGr ICI 1 1 lAGAGTC 


GSP-5F(EcoRI) 


21 


5 '-TGGJGGAA TTCTTTACCAAGTCTACTCACC 


GSP-GT81R 


4 


5'-GGCATACGTAGTCGGGTAGGC 



The two rat HARE proteins were purified from isolated LECs after extraction and 
immunoaffinity chromatography using anti-rat 175 kDa HARE mAbs. The 
immunoaffinity-purified proteins were subjected to SDS-PAGE and the gels were 
either stained with Coomassie Blue to identify the proteins to be excised for 
determination of internal peptide sequences or the proteins in the gel were 
electro-transferred to a PVDF membrane for determination of N-terminaJ 
sequence. As described in Experimental Procedures, the purified 175 kDa HARE 
protein band was excised and sent to the Harvard Microchemistry Facility (GT 
peptides) and a partially purified preparation was sent to the Rockefeller 
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University Microchemistry Facility (Peptides 1, 3 and 5) for determination of 
interna! protein sequences after trypsin digestion. The location of each peptide 
sequence found in the deduced protein sequence of the 175 kDa HARE protein 
(based on its cDNA) is indicated by the amino acid position number for the 
starting and ending residues in 175 i<Da HARE protein sequence. The one- letter 
code for amino acids is used; X indicates unlcnown residues. One-letter 
abbreviations conform to the lUB group codes for oligonucleotides. Amino acid 
sequences used to design forward (F) and reverse (R) oligonucleotide primers 
are shown in boldface. Restriction sites introduced in the indicated 
oligonucleotides are shown m italics and boldface. 

from the primer pairs 208F-123R (SEQ ID N0:3 and SEQ ID NO: 16, 
respectively) and 123F-81R (SEQ ID NO: 17 and SEQ ID NO: 18, respectively). 
The membranes were then washed twice in SSC containing 0.05% SDS at room 
temperature, followed by two washes in O.lx SSC containing 0.1% SDS at 
45°C. The positive AZAP-EXPRESS^"^ bacteriophage were identified and purified, 
and the cloned DNA inserts were excised in vivo into PBK-CMV phagemid using 
ExAssist helper phage and XLOLR bacterial cells as recommended in the 
manufacturer's manual. The phagemid DNAs were purified and the inserts were 
sequenced. 

Northern blot analysis. Total RNA and mRNA were isolated from rat LECs 
as described above. RNA (20 pg/lane) or mRNA (1 pg/lane) samples in 20 mM 
morphoiinopropanesulfonic acid, 5 mM sodium acetate, pH 7,0, 1 mM EDTA, 
containing 6% (v/v) formaldehyde and 50% (v/v) formamlde were heated to 
65°C for 5 minutes, placed immediately on ice and then eiectrophoresed on a 
0.8% agarose gel in 20 mM morphoiinopropanesulfonic acid, 5 mM sodium 
acetate, pH 7.0, 1 mM EDTA and 2% (v/v) formaldehyde. The RNA was 
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transferred overnight to nylon membranes by the capillary method using 5x 
SSQ were heated for one hour at 90°C in an oven and washed with distilled 
water to remove salts. The membranes were pretreated in QUIKHYB^*^ solution 
(Stratagene) for 30 minutes at 45°C in a hybridization oven.The membranes 
were then hybridized at 45°C with three ^^P-labeled DNA probes, prepared by 
the random primer extension method (Taylor et al, Biochim, Biophys. Acta, 
442:324 (1976)). The three probes were made from the inserts of clones 
5'RACE#11 (1108 bp), ZAP1P3 (1216 bp) and ZAP9P3 (1979 bp) and were 
located at the 5'-end, the middle, and the 3'-end of the 175 kDa HARE 
nucleotide sequence, respectively (FIG. 19). 

After the above pre-hybridization step, the ^^P-labeled DNA probes (1.25 
X 10^ total counts per 10 ml of hybridization solution; specific activity of the 
probe 10^ cpm/pg) were added to the hybridization tube together with 100 pi 
of 10 mg/ml sonicated salmon sperm DNA (Stratagene). The membranes were 
allowed to hybridize at 45 °C overnight in a hybridization oven and were then 
- washed twice for 15 minutes each at room temperature with 2x SSC containing 
0.1% (w/v) SOS followed by three washes for 30 minutes each at 50 °C with 
O.lx SSC and 0.1% (w/v) SDS (a high-stringency wash). The membranes were 
allowed to air dry on filter paper at room temperature and the hybridization 
results were assessed by autoradiography using Kodak BioMax film. 
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5'-RACE. The 5*-end of the 175 kDa HARE cDNA was obtained using a 
MARATHON^ cDIMA amplification kit from Clontech for 5'RACE analysis. 
Oligonucleotide GSP-IR (SEQ ID NO: 19) was used for first strand cDNA 
synthesis. After second strand cDNA synthesis by the method of Gubler and 
Hoffmann {Gene 25:263 (1983)), a library of adaptors (Clontech) was ligated 
to the double-stranded cDNA. DNAs were amplified by PCR using adaptor- 
ligated ds-cDNA as the template with primer GSP-2R (SEQ ID NO: 20) and the 
adaptor primer from the MARATHON^'^ kit as the primer pair. PCR conditions 
were as follows: 94°C for 2 minutes; 30 cycles of 45°C for 30 seconds, 72°C for 
6 minutes and 94'C for 30 seconds; 1 cycle of 45°C for 30 seconds and 72°C 
for 15 minutes. The PCR products were then cloned into pCR^'^2.1 using the TA 
CLONING^" kit from Invitrogen and colonies were screened by PCR using GSP- 
2R (SEQ ID NO: 20) and the adaptor primer. Plasmid DNA from positive clones 
were purified with QIAprep*"" spin plasmid kits and the inserts were sequenced. 

Construction of a 4,7 kb 175 kDa HARE cDNA with an N-terminal Ig k- 
chain leader sequence. An 1152 bp 5' fragment of the 175 kDa HARE cDNA 
was amplified by RT-PCR using pfu TURBO™ polymerase with GSP-5F(EcoRI) 
(SEQ ID N0:21), which contains an EcoRI restriction site and encodes the N- 
terminal seven amino acids of the 175 kDa protein, and GSP-lR(iAsnl) (SEQ ID 
NO:22), which contains two silent Q=^A mutations that create a >AsnI restriction 
site. The PCR products were separated on a 1% agarose gel, and the 1.15 kb 
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DNA band was excised and purified using a QIAquick^*^ Kit. The DNA was cloned 
into the pSecTag2 B vector, which contains a murine Ig kappa chain leader 
sequence for protein secretion. The ligated DNA was electro-transformed into 
TOPlOP electro-competent cells (Invitrogen), and the DNA insert was amplified 
by bacterial growth and puriHed with a QIAprep^" spin mlniprep kit. An interior 
2226 bp fragment of the 175 kDa HARE cDNA sequence was amplified by RT- 
PCR using pfuTurbo DNA polymerase with GSP-lF(>4snI) (SEQ ID NO:23), which 
contains two silent C-T mutations to create a Asnl restriction site, and primer 
GSP-GT81R (SEQ ID N0:4). The PGR products were separated on a 1.0 % 
agarose gel, and the 2.2 kb DNA band was excised, purified using a QIAquick^^ 
Gel Extraction kit and digested with ^snl and Eco52L There is a £co52I site 
within the 3' '-one-third of the HARE sequence (starting at nucleotide position 
3329). The 1.5 kb Insert from the ZAP9P3 done, which contains the 3' end of 
the 175 kDa HARE cDNA including the poly A site, was amplified, purified and 
cut with fco52I and Xhol to give the third fragment, which contains 1378 bp. 
The three purified fragments of HARE cDNA were then simultaneously ligated 
with pcDNA3.1, which had been digested with Nhe I and Xhol, at a molecular 
ratio of 2:1 (insert: vector). The ligated DNA was eiectroporated into TOPIOF 
electro-competent cells, and colonies were screened by PGR and restriction 
enzyme digestion to identif/ full-length inserts. Plasmid DNA from positive 
clones was amplified in TOPIOF bacteria, purified using endofree plasmid maxi 
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kits and the complete inserts were sequenced. The resulting plasmid containing 
the 4708 bp cDIMA (SEQ ID N0:1) encoding the 175 kDa HARE is designated 
pl75HARE-k. 

Transient expression of the 175 l<Da HARE in COS 7 cells, COS 7 cells . 
were grown to '-80% confluence in 35 mm culture dishes, using DMEM vyith 
10% fetal calf serum, and then transfected with the purified pl75HARE-k DNA 
(2 pg) using 6 ml of FuGENE 6. At 40 h post-transfection, the cells were 
detached by treatment with 0.05% trypsin and 0.53 mM EDTA, collected and 
washed two times with PBS. The cells were extracted with TBS containing 1% 
NONIDET^'^ P-40 and analyzed by SDS-PAGE. As described previously the 
expression of HARE protein was tested by Western analysis using antl-HARE 
mAbs as described herein before, and expression of active HARE was assessed 
by the ligand blot assay using ^^^I-HA as described herein before. 

Selection of stable tranfectants expressing ttie 175 kDa HARE. SK-Hep 
1 cells (from ATCC) were transfected with the purified pl75HARE-k DNA using 
FuGENE 6 in 35 mm culture dishes. Twenty-four hours after transfectlon, the 
cells were transferred to 100 mm dishes and grown in DMEM containing 10% 
fetal calf serum and 0.4 mg/ml of G418 for selection. After 15-20 days, 
individual colonies of antibiotic-resistant transfected cells were isolated using 
cloning rings and detached by treatment with 0.05% trypsin and 0.53 mM EDTA 
for 5 minutes at room temperature. Collected cells were expanded in 12-well 
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plates to assess HARE protein expression and function by ELISA, Western blot 
and ^^^I-HA binding assays. Cultures that were positive in these assays were 
further purified by limiting dilution cloning. 

Endocytosis of'^^I-HA by SK-Hepl stable cell lines. Stably transfected 
cell lines were grown to confluence in DMEM with 10% fetal calf serum 
containing 0,4 mg/ml G418. The cells were incubated at 37°C in medium 
without serum for 1 hour, and the plates were then placed on ice and the cells 
washed 2 times with 1 ml Hanks. Medium containing 2 pg/ml ^^^I-HA with or 
without 200 fjg/ml unlabeled HA was added to each well, and the cells were 
incubated either on ice for 60 minutes to assess surface binding or at 37°C to 
allow internalization of ligand. At the noted times, the medium was aspirated, 
and the cells were washed 3 times with Hanks, lysed in 0.3N NaOH, and 
radioactivity and protein were determined. 

Immunofluorescence analysis of 175 kDa HARE expression. Transiently 
transfected COS 7 cells or stably transfected SK-HARE cells were collected 24 
hours after transfection or culture, respectively, by treatment with 0.05% 
trypsin and 0.53 mM EDTA, washed, transferred onto a tissue culture 
chamber/slide and grown for 12-18 hours. The cells were then fixed with 4% 
(v/v) formaldehyde in PBS for 20 minutes at room temperature and then 
incubated with or without 0.1% Triton X-100 to permeabilize the cells. The slide 
was incubated with 10% goat serum in PBS containing 1% BSA for 1 hour at 
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room temperature and then incubated with a mixture of eight anti-175 kDa 
HARE mAbs (1:2000 dilutions of each ascites fluid in 10% goat serum, 1% BSA) 
for 15 minutes at room temperature. The slide was then washed 5 times for 5 
minutes each with TBS and goat anti-mouse IgG (H+L)-Rhodamine Red 
conjugate (10 pg/ml) was added. The slide was incubated for 30 minutes at 
room temperature, washed 5 times for 5 minutes each with TBS and then a 
solution of SLOWFADE^ (Molecular Probes) was added- A cover slip was 
overlaid, the edge sealed with finger nail polish, and the slides were viewed by 
confocal fluorescence microscopy using a LEICA TCS NT. 

Purification and sequence analysis of the HARE from human spleen. 
Human spleen tissue was obtained from a 14 year old female patient undergoing 
spleenectomy for hereditary spherocytosis, following approval from the University 
of Rochester Research Subjects Review Board. The tissue was cut into small pieces 
on ice, added to 2% NONIDET" P-40 in TBS containing a mixture of proteinase 
inhibitors (2 mM diisopropyl fluorophosphate, 1 mM phenylmethyisulfonyl fluoride 
and 1 mM N-ethylmaleimide), then homogenized using a Tissumizer power 
homogenizer (Tekmar Co) and incubated at 4 °C for 1 h. The extract was diluted 
four-fold with TBS and centrlfuged at 12,000xg for 30 min at 4*'C The supernatant 
was loaded onto a column containing anti-rat HARE mAb-30 for affinity 
chromatography {^-2 mg/ml IgG coupled to CNBr-activated Sepharose). The 
column was washed with 10 volumes of TBST and then eluted with 100 mM 
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sodium citrate, pH 2.5. Eluted fractions were neutralized with 1 M Tris, pooled, 
dialyzed against TBS at 4°C, and concentrated using a CENTRICON'^-30 device 
(Amicon). The concentrated sample was subjected to SDS-PAGE and in some cases 
then transferred to nitrocellulose. The HA-binding activity of HARE was determined 
by a ^^^I-HA ligand-blot assay, and HARE protein was localized by Western blot 
analysis as described below. Immunoaffinity-purified human HARE preparations 
were subjected to SDS-PAGE and gels were stained with Coomassie Blue to 
identify the proteins. The 190 kDa human HARE protein band was excised and 
sent to the Protein Chemistry Lab at the University of Texas Medical Branch at 
Galveston for trypsin digestion and amino acid sequence analysis of internal 
peptides. Samples- of the tryptic digests were also sent to the Mass 
Spectroscopy Facility at Louisiana State University. 

Purification of human spleen mRNA and RT-PCR, Human spleen tissue 
was cut into small pieces and homogenized on ice using TRIzol reagent to 
isolate the total RNA. The mRNA was isolated from total RNA using a 
PolyATtract mRNA Isolation Kit following the manufacturer's recommended 
protocols. First-strand cDNA was synthesized using the Thermoscript II RT-PCR 
system from Life Technologies with random hexameric oligonucleotides or 
oligo(dT)2o. The PGR reactions using ADVANTAGE 2^ Polymerase Mix from 
CLONTECH were carried out with incubation at 94°C for 2.5 min; 35 cycles of 
50 °C for 1 min, 68°C for 3 min, and 94''C for 1 min; one cycle of 50°C for 1 min 
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and 68X for 15 min. PCR products were obtained using the following pairs of 
oligonucleotides (Table III), based on either the human 190 kDa HARE peptide 
sequences (HSP, HARE-specific primer) or the nucleic acid sequence (BAB 
primer) under GenBank accession number AK024503 (mRNA for FU00112 
protein, which is under accession #BAB15793): BAB1F-HSP2R (SEQ ID N0:5 
and SEQ ID N0:7, respectively), HSP3F-BAB4R (SEQ ID NO:26 and SEQ ID 
NO:29, respectively), BAB6F-BAB7R (SEQ ID NO:30 and SEQ ID N0:31, 
respectively), BABIF-BABIOR (SEQ ID N0:5 and SEQ ID NO:32, respectively), 
HSP2F-BAB10R (SEQ ID NO:33 and SEQ ID NO:32, respectively), BABIOF- 
HSP3R (SEQ ID NO:34 and SEQ ID NO:35, respectively), and BAB9F-HSP3R 
(SEQ ID NO:36 and -SEQ ID NO:37, respectively). The PCR products were 
subjected to electrophoresis using a 1 % (w/v) agarose gel and the DNA bands 
were excised and purified using a Gel. Extraction Kit. The purified PCR DNA 
products were cloned into pCR^4-T0P0 vector using the TOPO-TA CLONING''" 
Kit (Invitrogen). The colonies were screened by PCR and the DNA insert size 
was verified by restriction enzyme digestion using EcoRl. The plasmid DNAs 
from positive clones were purified using QIAprep^" Spin Plasmid Kits and the 
complete inserts were sequenced by the DNA Sequencing Facility of the 
Oklahoma Medical Research Foundation, Oklahoma City, OK. 

Western blot analysis of human HARE, Nih-ocellulose membranes were 
blocked with 1% BSA in TBS at 4 '^C overnight either after the ligand blot assay or 
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directly after SDS-PAGE and electotransfer as described by Bumette {AnaL 
Biochem. 112:195 (1981)) and as above using purified HARE or human spleen 
extract. The membrane was then incubated with anti-rat HARE mAbs (e.g. 1 : 5000 
dilution of ascites) at room temperature for 2 h, washed 5 times for 5 min each 
with TBST, and incubated with goat anti-mouse IgG conjugated to alkaline 
phosphatase for 1 h at room temperature. The nitrocellulose was washed 5 times 
for 5 min each with TEST and incubated with the substrates p-nitro blue 
tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate p-toluidine salt for color 
development; which was stopped by washing the membrane with distilled water. 

Results 

Development of mAbs to the 175 HARE, Because we previously identified 
an HA-binding protein of 85 kDa in hepatocytes (Frost et al, Biochemistry 
29: 10425 (1990)) and because histones avidly bind HA as well (Yannariello-Brown 
et al, Biochem. and Biophys. Res, Commun. 218:314 (1996)), our purification 
scheme for the 175HARE began with LECs prepared by collagenase perfusion of rat 
liver, rather than with whole liver. The final partiial purification step for preparing 
the 175HARE antigen for mAb production was preparative 1-D SDS-PAGE, which 
separated the 175HARE and 300HARE and gave ft-actions of discrete masses that 
still retained HA-binding activity (RG. 1). The eluted 175 kDa ft^ctions were 
pooled, concentrated, and used to immunize mice as the nonreduced protein or 
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after being reduced and alkylated. We isolated multiple clones of 11 different 
hybridonnas that were consistently positive in ELISA screens with the nonreduced 
or reduced 175 kDa antigen. 

Interaction ofmAbs with the 175HARE after detergent solubilization orSDS- 
PAGE. MAbs were prepared fronn ascites fluid produced by the hybridomas and 
tested for their ability to immunoprecipitate the active 175HARE (FIG. 2) and for 
their reactivity with a 175 kDa species in Western blots (nGS. 3 and 4). The 
fomner ability shows that a mAb recognizes the correct protein, the bone fide 
175HARE. Three of the original 11 mAbs isolated (numbers 117, 141 and 497) 
were not against the 175HARE, since they have a different Western pattern (FIG. 
3, lanes 9-11) and do not immunoprecipitate HARE (FIG. 2, lanes 2, 7 and 11). 
This result was expected, since the starting antigen was not pure. These negative 
clones were useful as negative controls. 

Eight mAbs were obtained that recognize both the rat LEG 175HARE and 
300HARE in Western blots after either nonreducing (HG, 3) or reducing (RG. 4) 
SDS-PAGE. Three mAbs (numbers 54, 159 and 174) recognize both reduced 
HAREs in Western blots. Most of the mAbs raised against the nonreduced 
175HARE no longer react with either HARE species after reduction (FIGS. 3 and 4). 
The exceptions are mAb-159 and mAb-174, which recognize both the 175HARE 
and 300HARE proteins in Western blots, whether they are reduced (RG, 4) or 
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nonreduced (RG. 3). MAb-54 recognizes only the reduced HAREs (FIGS. 3 and 4, 
lanes 3). 

Four of the mAbs also immunoprecipltate both proteins from LEC extracts 
(RG. 2). Surprisingly, all mAbs that bind to the 175HARE species, the original 
antigen, also recognize the 300HARE species. However, as described below, the 
300 kDa species is not a dimer of the 175 kDa protein and does not contain a 175 
kDa subunit. That eight of eight mAbs raised against the 175HARE cross-react 
with the 300HARE suggests that the two proteins share one or more common 
epitopes that may be very antigenic. Except for mAb-159 (IgM) and mAb-30 
(IgG2b), all of the HARE-specific mAbs are IgGj. 

Usted in Table VI are the characteristics of the eight mAbs raised against the 
rat 175HARE, as described herein before and as will be described in more detail 
herein after. 

Sequential Lectin and Immuno-affinityCfiromatography Purifies the Two LEC 
HARE Species to IHomogeneity. Using lectin and mAb-30 affinity chromatography, 
the two LEC HAREs have been purified to homogeneity and partially characterized 
(RGS. 5 and 6). Nonreducing SDS-PAGE analysis indicates that these two 
proteins comprise more than about 99% of the final purified HARE. The two LEC 
HAREs remained active, as assessed by the ligand blot assay (FIG. 7, lane 1). 

In addition, the 175HARE and 300HARE that are affinity purified by mAb-30 
are recognized by the other 7 mAbs. The liver 175HARE and 300HARE are purified 



79 



wo 01/81544 



in an apparent mole ratio of 2: 1. The fracdon of total staining in the 175 kDa band 
was 0.47 ± 0.07 (/? = 5) and 0.55 ± 0.09 (n ^ 3), respectively, for Coomassie- 
and silver-stained gels. 

Subunit Composition of the Two HARE Proteins, To detemnine if either 
protein contains disulfide-bonded subunits that are recognized by the mAbs, the 
175HARE and 300HARE were analyzed by SDS-PAGE and immunoblotting with or 
without reduction with p-mercaptoethanol (FIG. 8). The reduced 175HARE yields 
no other protein species, but the apparent size of the protein increases to about 
185 kDa {FLG. 8A, lane 3). This shift to higher is typical of membrane receptors 
with extracellular domains whose compact or tightly folded structures require 
intraprotein disulfide bridges. 

After reduction, the 300HARE gives rise to three protein species with M^s of 
97, 230 and 260 kDa (FIG. 8A, lane 4). None of these three reduced proteins 
were able to bind ^^^I-HA (HG. 7, lane 3). Based on Coomassie and silver staining 
and apparent size, the molar ratio of the three protein components of the 300HARE 
is 1:1:1. The reduced 175HARE protein (at about 185 kDa) and the two large 
subunits of the 300HARE complex at 260 kDa and 230 kDa are all recognized by 
the three mAbs that bind the reduced proteins (FIG. 8B, lanes 3 and 4). 
Interestingly, the 97 kDa subunit of the 300HARE is the only HARE protein not 
recognized by any of the mAbs raised against the reduced or nonreduced 
175HARE. 
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FIG, 8C illustrates a model for the organization of the two rat liver HARE 
isoreceptors. 

After Deglycosylation With Endo-F, Both HARE Species Still React With The 
mAbs, During digestion with endo-F, the 175HARE is converted to a single about 
150 kDa species, suggesting that up to 10 typical N-linked oligosaccharides may 
be present. The 300HARE was also reduced in apparent size after enzyme 
treatment De-N-glycosylated 175HARE and 300HARE are still able to react with 
the individual mAbs (not shown) or a mixture of all of the mAbs (RG. 8B, lanes 2 
and 4). Both de-N-glycosylated HAREs are still capable of specific ^^I-HA binding 
(nc, 7, lane 2). Therefore, N-linked oligosaccharides do not appear necessary for 
the HA binding activity of these receptors and do not comprise a part of the 
epitopes recognized by the mAbs developed here. 

I^Ab-1 74 Specifical/y Blocks HA Binding in the Ligand Blot Assay and Blocks 
the Endocytosis of ^^^I-HA by LECs in Culture. Endocytosis and accumulation of 
'25I-HA at 37°C by cultured LECs was completely inhibited by MAb-174 (FIG. 9). 
Only one other MAb (#235) had any appreciable affect on HA endocytosis, 
consistently causing part:ial (about 50%) inhibition of ^^I-HA endocytosis. None 
of the other anti-175HARE mAbs, nor the three negative control mAbs affected HA 
uptake (Table VI). These results confirm unequivocally that our eight anti- 
175HARE mAbs are specific for the bone fide HARE present in LECs. Interestingly, 
MAb-174 also blocked HA binding to both the 175HARE and 300HARE in the ligand 
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blot assay (FIG. lOA). At 5 fig/ml, MAb-174 blocked about 70% and about 50% 
of the specific ^^I-HA binding to the 175HARE and 300HARE bands, respectively 
(FIG. lOB). The same concentration of mouse IgG or the other mAbs showed no 
inhibition (RG. 11). Since MAb-174 completely blocks HA uptake by LECs and also 
recognizes both proteins in Western blots, then both the 175 kDa and 300 kDa 
proteins could be independent HAREs capable of mediating HA binding and 
endocytosis. It is important to note that although MAb-174 inhibits ^^^I-HA binding 
and endocytosis by LECs at 37°C, it was unable to block HA binding to live LECs at 
4°C (FIG. 12). 

Tissue Distribution and Immunolocalization of HARE, Western blot analysis 
of various rat tissues indicated that the 175HARE and 300HARE proteins are highly 
expressed in spleen as well as liver (FIG. 13B). The other tissues tested (brain, 
lung, heart, muscle, kidney and intestine) showed no significant reactivity with a 
mixture of all eight anti-HARE mAbs. As with the liver, each MAb showed the same 
pattern of reactivity, recognizing both HARE species in the spleen (not shown). 
Both HARE species isolated from spleen were also active in the ^^^I-HA ligand blot 
assay (RG. 13A), verifying that these receptors specifically bind HA. 

Confocal indirect immunofluorescence demonstrated that the HARE proteins 
are localized to the sinusoids in the liver (FIG. 14) as expected. No staining was 
observed in the parenchymal cells. Confirming this cellular distribution, the protein 
is not expressed in isolated hepatocytes in culture (not shown), but is strongly 
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expressed in purified, cultured LECs (RG. 15). HARE is present in LECs in a 
pattern typical for an endocytic, recycling receptor (Meilman, Anna. Rev. Cell Biol. 
12:575 (1996)); it is at the ceil surface, in pericellular vesicles (presumably 
endosomes) and ER and Golgi. In rat spleen, the HARE proteins are present in the 
venous sinuses of the red pulp (nc. 16A-D). No significant staining was observed 
in the germinal centers or white pulp of the splenic nodules. In rat lymph nodes, 
HARE is localized to the medullary sinuses (RG. 17A-C). It is not present in the 
spheroid nodules or their germinal centers. Vascular endothelial cells were not 
stained in any of the tissues examined. 

Assembly of the rat 175 kDa HARE cDNA. The immuno-afRnity purified 175 
kDa HARE was reduced, resolved by SDS-PAGE, excised and subjected to Internal 
tryptic peptide analysis (Table II). Based on amino acid sequence of the resulting 
peptides and subsequent RT-PCR analysis, PGR fragments were cloned and used 
as probes to screen a custom-made AZAP EXPRESS^^ rat LEG cDNA libraiy. 
Overiapping clones of various types were then used to assemble a partial cDNA 
(RG. 19) that encoded the peptides identified from the purified 175 kDa HARE 
(Table II). To verify the fidelity of key partial cDNA clones isolated from the library 
or by RT-PCR, we verified that these clones resulted in the expression, in 
transformed bacteria, of protein fragments that were recognized in Western 
analysis by one or more of the eight mAbs raised against the 175 kDa HARE (RG. 
20). For example, clones ZAP9P3 and 2AP4P3 showed reactive bands at 68 kDa 
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and 72 kDa, respectively, with MAb-159 and MAb-174. The major proteins 
expressed in these three cases migrated in SDS-PAGE as though they were -^20% 
larger, which is also a characteristic of full length HARE. The cDNA assembled from 
the various positive clones, however, lacked 5' upstream noncoding sequences, an 
initiating codon and a leader sequence for appropriate membrane insertion. When 
this partial cDNA was extended further by 5'RACE analysis, the resulting coding 
region was longer than antidpated for encoding a glycoprotein of 185 kDa, which 
is the size of the 175 kDa HARE when reduced. The purified 175 kDa HARE is a 
broad, rather than well focused, band in SDS-PAGE, suggesting that it contains 
species of heterogeneous size. Although some size heterogeneity is expected 
because each HARE isoreceptor is a glycoprotein with about 25 kDa of N-linked 
oligosaccharides, another reason could be that the purified protein was either 
randomly or specifically cleaved by proteases. To test this latter hypothesis NHj- 
terminal sequence analysis on the affinity purified 175 kDa HARE was peri'ormed, 
and two termini corresponding to regions of the encoded deduced protein that 
were 122 amino acids apart (Table II and FIG. 21) were discovered. Previous 
similar NHz-terminal sequencing attempts, before having the partial cDNA 
sequence, had not yielded interpretable data because the yields were relatively low 
and a unique sequence was not obtained. Knowing the deduced protein sequence, 
however, enabled us to identify a major and a minor NHs-terminal sequence 
beginning at amino acid 1 (SLPSL..) and 122 (VIHGL...), respectively. 
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The above results on the origin of the 175 kDa HARE protein and the 
structure of the isolated cDNA led us to consider that there was no mRNA species 
directly encoding the protein, but rather that it was encoded by a much larger 
mRNA for the 300 kDa HARE, whose protein product was then proteolytically 
processed to the 175 kDa HARE. Consistent with this interpretation, Northern 
analysis, using mRNA from rat LEp and probes from either the 5' end, the middle 
or the 3' end of the cDNA, revealed a major ^10 kb band (FIG, 22), We did not 
observe a separate mRNA species in the range of ^^6 kb to 7 kb, which might be 
the expected size if the 175 kDa HARE were encoded directly. 

Domain structure and characteristics of the deduced 175 kDa HARE. The 
cDNA sequence (SEQ ID N0:1) presented in RG. 21 encodes a 1431 amino acid 
protein (SEQ ID NO: 2) that starts with the serine residue identified as the major 
NHj-terminus. The deduced protein contains all five intemal peptides found in an 
affinity purified 175 kDa HARE protein preparation as well as three additional 
intemal peptides found in a partially purified HARE preparation (Table II). The 
protein is predicted to be a type I membrane protein (nG. 23), with a large NHj- 
terminal extracellular domain (1322-1324 residues depending on the particular 
prediction program used), a single transmembrane domain (~L^^^^ - A^^^ ), and a 
small COOH-terminal cytoplasmic domain (-^88 amino acids). As is the case for 
many proteins, the exact boundaries predicted for the transmembrane domain of 
HARE are somewhat uncertain; they vary by 2-3 amino adds on both sides of the 
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predicted domain depending on the particular algorithnn used. For example, the 
programs TMPred, TMHMM and PSORTII, respectively, predict a transmembrane 
domain between residues 1327-1347, 1325-1347 and 1327-1343. The predicted 
mass of the protein is 156,002 Da, and the predicted isoelectric point is pH 7.49. 
The ectodomain contains 15 putative N-glycosylation sites (excluding one NPS 
sequon), and two cysteine-rich regions. The extracellular domain has multiple 
motifs and subdomains with homology to similar regions identified in other 
receptors and matrix molecules. Multiple EGF-like, pigH3, and Fasciclin domains, 
as well as one DSL domain, are also organized throughout the extracellular domain 
of the 175 kDa HARE. In addition, a 93 amino acid region near the membrane 
junction (Gly^°^^ - Arg^^^^) Is homologous to the mammalian proteoglycan 
extracellular Xlink domain and the HA-binding domain of the link protein. 

Expression of a functional HA Receptor for Endocytosis from the 175 kDa 
HARE cDNA. To verify that we have cloned a bone fide cDNA for the 175 kDa 
HARE, we performed binding and internalization studies using COS-7 or SK-Hep-1 
cells transfected with HARE to show they express an endocytic receptor for HA. 
Since there fs no natural mRNA for the protein, we constructed an artificial cDNA 
that encodes the ORF for the 175 kDa HARE fused at the 5' end to a short region 
of the Ig k- light chain sequence encoding a start codon and a membrane insertion 
signal or leader sequence (RG, 24). When transiently transfected into COS 7 cells, 
this cDNA gave expression of a protein of the expected size that was recognized 
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in Western blots by all the specific anti-HARE mAbs and that bound ^^I-HA 
specifically in a ligand blot assay (RG. 25). We then used the same vector to 
generate stable ceil lines expressing HARE after antibiotic selection of transfected 
SK-Hepl cells. This cell line was chosen because it does not express any detectable 
endogenous HA receptors capable of specific ^^^I-HA binding or endocytosis, does 
not show reactivity with the anti-HARE mAbs and has been used by us and others 
for similar studies. Six independent clones were selected, all of which had 
essentially identical characteristics with respect to 175 kDa HARE expression and 
function. Indirect immunofluorescence (FIG. 26) showed that the protein was 
localized to the cell surface as well as in intracellular compartments typical for an 
endocytic, recycling receptor (Mellman,>4/7na Rev. CellBioL 12:575 (1996)). For 
example, it appears in the pericellular region, presumably in endosomes and in the 
perinuclear region, in the ER and Golgi. Rnally, the stable cell lines expressing 
HARE were able to mediate the specific and continuous endocytosis of ^^^I-HA for 
many hours at 37°C (RG. 27). Specific HA uptake, assessed by competition with 
non-labeled HA, was ^-90% and these cells internalized at least four-times their 
number of surface HA receptors. There was no indication of HARE protein 
degradation during this period, indicating that the recombinant 175 kDa HARE is 
a recycling endocytic receptor, as expected. SK-Hepl cells, transfected with the 
same vector containing an unrelated cDNA insert or untransfected cells, displayed 
the same level of nonspecific ^^I-HA uptake at 37"C as in RG. 27A. Results from 
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Other studies demonstrate that HA endocytosis mediated by HARE in these stable 
cell lines leads to degradation of the internalized HA {FIG, 27B), uptake is 
completely sensitive to hyperosmolarity (RG. 27C), which disrupts dathrin 
recycling and coated pit formation (Oka and Weigel, 1 Cell Biochem. 36:169 
(1988); Oka et ai, J. Biol. Chem, 264:12016 (1989)), and uptake is completely 
blocked by mAb-174 (RG. 27D), which inhibits '^I-HA uptake in LECs as described 
herein before. 

The 175 kDa HARE is related to a protein family ofunl<nown function. The 
domain organization of HARE is very different from that of all the other known HA- 
binding proteins or HA receptors including ICAM-1, RHAMM (also recently 
designated CD168), CD44, TSG-6, Link protein and LYVE-1. We and others have 
noted the presence, in various genomic and EST databases, of protein sequences 
with significant homology to several known HA-binding proteins. For example, a 
group of three ORFs were reported to encode HA-binding proteins based on the 
fact tinat the deduced protein sequences contained a Link-like domain with 
homology to the Unk protein (Tsifrina et al, Am. 1 PattioL 155:1625 (1999)). 
HARE is highly related to these putative HA binding proteins (FIG. 28), which 
constitute a family of membrane-bound HA receptors, with the 175 kDa HARE as 
the prototype and first functionally identified member 

Identification and purification of the human HARE. The ability of the mAbs 
raised against the rat 175 kDa HARE to recognize a human HARE homologue was 
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tested, and it was found that three of the eight mAbs (/.e. numbers 30, 54, and 
159) showed specific reactivity in Western blots or innnnunocytochennistry. In 
particular, the level of expression of putative HARE proteins in human spleen was 
great enough to detect specific ^^^I-HA binding activity and Western reactivity in 
crude extracts (Rg. 29). As observed with the rat HARE, two high molecular 
weight protein species, at ^^190 kDa and '^315 kDa, were reactive with the mAbs 
and able to bind HA. A 50-fold excess of nonlabeled HA inhibited ^^^I-HA binding 
to either of the two human HAREs by >90% (not shown). The two human HARE 
species at ^^190 kDa and '^315 kDa are larger by about ~15 kDa than the 
corresponding rat HARE species. Both assays showed a much greater amount of 
the larger than the smaller HARE in spleen. 

The specific reactivity of the human HARE proteins with MAb-30, which had 
been used to purify the rat liver HARE, enabled the purification of the HARE directly 
from detergent extracts of human spleen by immunoaffinity chromatography (Rg. 
30). Elution of proteins bound to MAb-30, using a low pH buffer, yielded the same 
two species identified in Rg. 29 as candidate HAREs. HA-binding activity and 
reactivity with anti-rat HARE mAbs comigrated with these two major proteins in the 
preparation. The anti-rat 175 kDa HARE mAbs that cross-react with the 190 kDa 
human HARE also recognize the '^^315 kDa HARE, Based on densitometric analysis 
of protein detected in Western blots and ligand blots of the affinity purified 
proteins, the ~315 kDa HARE is consistently more abundant that the 190 kDa 
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HARE in human spleen. The apparent molar ratio of the ^315 kDa HARE: 190 kDa 
HARE in spleen is ~2-3:l. Interestingly, essentially the reverse ratio is observed 
for the two HARE isoreceptors in rat liver, as described above. 

Subunit characterization of the two human HARE isoreceptors. The affinity 
purified 190 kDa HARE and '-'315 kDa HARE proteins were subjected to two- 
dimensional SDS-PAGE analysis to determine their subunit compositions. After 
electrophoresis under nonreducing conditions, as in Rg. 30, the two protein bands 
were excised, minced and then electrophoresed again with or without reduction 
(Rg. 31). After reduction, the 190 kDa HARE yielded a single protein that 
migrated at '^196 kDa, indicating that the smaller HARE contains only one 
polypeptide. As with the rat 175 kDa HARE, when the protein is reduced it unfolds 
and migrates more slowly in SDS-PAGE. This behavior is typical for receptors with 
extracellular domains containing disulfide bonds and the HARE proteins are Cys- 
rich. The ~315 kDa HARE yielded two major proteins of '-'220 kDa and ~250 kDa 
after reduction, indicating that the larger HARE contains at least two types of 
disulfide-bonded subunits. These two subunits have been consistently observed 
in multiple Independent preparations of purified human spleen HARE. The apparent 
molar ratio of the 250 kDa: 220 kDa subunits is about 2-3:1. In contrast, the rat 
300 kDa HARE contains three subunits of 97, 230 and 260 kDa in apparent molar 
ratios of 1:1:1, respectively. 
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Localization of HARE in human tissues. Using nnAB-30, which works well in 
immunocytochemlcal applications, abundant HARE protein expression was found 
in human liver, spleen and lymph node (FIG. 32) and bone marrow (not shown). 
Staining intensity and, therefore, protein expression levels were much greater in 
lymph node than spleen than liver. In each tissue only cells In the sinusoidal 
regions were stained. In spleen the germinal centers and white pulp areas of 
spleenic nodules were unstained, whereas the venous sinusoids of the red pulp 
stained strongly (Rg. 32A). Controls using mouse serum showed very low 
background staining in spleen (Fig. 32B) or the other tissues (not shown). A more 
thorough examination of other human tissues is still in progress. 

Analysis of internal peptide sequences and determination of the human 190 
kDa HARE sequence. The affinity purified HARE proteins were reduced, separated 
by SD5-PAGE and the band corresponding to the reduced 190 kDa HARE was 
excised and subjected to internal peptide analysis following trypsin digestion. 
When the protein databases were searched using the amino acid sequences 
derived from the purified protein, an identical match was found for a subset of 
seven peptides (Table IV) predicted to be within a hypothetical human protein of 
unknown function under accession number BAB15793. An additional seven tryptic 
peptides derived from the 190 kDa HARE were matched by mass spectroscopic 
analysis (within < 0.2 Da) to the same deduced sequence in the database (Table 
V). This sequence had also been independently identified (see Rg. 28) as the most 
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likely human homologue of HARE based on an overall homology of ~85% (78% 
identity) between the 1431 amino acid rat 175 kDa HARE and a putative 1193 
amino acid protein encoded by BAB15793. 

The identical match of 14 tryptic peptides, including a 23 residue peptide 
(Table IV), that contain a total of 120 amino acids (~10% of the protein) should 
be enough to conclude that the partial sequence encoded by BAB15793 is part of, 
and identical to, the human HARE. To support this conclusion further, however, 
RT-PCR with human spleen mRNA and a combination of human HARE-specific and 
BAB15793-specific primers was utilized to identify, clone and sequence PGR 
products that span pordons of a ~4 kb region of the HARE-coding sequence (Table 
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Table III 

Oligonucleotide Primers Used for RT-PCR Analysis and DNA Sequencing 

Primer SEQ Sequence Position PGR Peptide 

ID Product Sequences 
^NO: (bp) ^confirmed_ 



BAB1F 


5 


TCAATATAATCTGGCGAATGCAAT 


3-26 






HSP2R 


7 


AGTTCCGAATGGGCAGGTCAGCTC 


397^20 


418 


3 


BAB3F 


26 


ATGAGGAAGCTCGGGTTAAAG 


1452-1472 






BAB4R 


29 


GATGTAGCCATTGTTTGTTGCCAA 


1769-1792 


341 


2 


HSP2F 


33 


GAGCTGACCTGCCCATTCGGAACT 


397-420 






HSP3R 


35 


CTTTAACCGGAGCTTCCTCAT 


1452-1472 


1076 


4 


BAB6F 


30 


AGACGCCAAATGTGTCGACCTCCA 


3078-3101 






BAB7R 


31 


GAATAGGCCAGCACTTGCGTCAGG 


3510-3533 


456 


2 


BAB1F 


5 


TCAATATAATCTGGCGAATGCAAT 


3-26 






BAB10R 


32 


GGTGAGGGAGTTGGCGCTGGTATG 


851-874 


872 


3 


HSP2F 


33 


GAGCTGACCTGCCCATTCGGAACT 


397-420 






BAB10R 


32 


GGTGAGGCAGTTGGCGCTGGTATG 


851-874 


478 


3 


BAB10F 


34 


CATACCAGCGCCAACTGCCTCACC 


851-874 






HSP3R 


35 


CTTTAACCCGAGCTTCCTCAT 


1452-1472 


622 


3 


BAB9F 


36 


CAAGTACGGCATCCACTGTGACCA 


697-720 






HSP3R 


35 


CTTTAACCCGAGCTTCCTCAT 


1452-1472 


776 


3 



Other Primers used for RT-PCR and sequendng. 

Name SEQ ID NO: Sequence Position 



5F 38 GGCTACTTCGGGCGAGACTGTCAG 2386-2409 

5R 39 CTGACAGTCTCGCCCGAAGTAGCC 2386-2409 

8F 40 TTGTACTCTTCAGCTGGCACC 4406-4426 

8R 6 GGTGCCAGCTGAAGAGTACAA 4406-4426 
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Table IV 

Summary of Amino Acid Sequences Derived From Peptides of the 
Purified Human 190 kDa HARE Protein 

The human HARE proteins were immuno-affinity-purified from human spleen, 
subjected to SDS-PAGE and the 190 kDa protein band was excised and analyzed 
for internal peptide sequence following trypsin digestion. The amino acid sequences 
of these ten tryptic peptides were highly homologous or identical to the sequences 
of the rat 175 kDa HARE, reported herein above, and seven of these (not in bold 
face) were identical to regions within a human hypothetical protein of unknown 
expression and unknown function under GenBank accession number BA815793. 
HARE peptides in boldface were not In the ORF for BAB15793. 



PepSde Designation 


Amino Acid Sequences 


Start-End Residue 


SEQ ID NO: 


PR 1822 


XSKPK 


758-761 


41 


PR 1823 


LTFDK 


1054-1058 


42 


PR 1825-1=* 


GSIYQELPK 


440448 


43 


PR 1825-2"" 


GTLFVPQNSGLGE 


1198-1210 


44 


PR 1826 


DLVGPGPFTVFAPLSAAFDEEAR 


46&488 


45 


PR 1869-1^' 


ELTSPFGTK 


133-141 


46 


PR 1869-2"" 


MPQVLR 


498-503 


47 


PR 1870 


SPLGQYK 


1047-1053 


48 


PR 1871-1^ 


VLEIQK 


107-112 


49 


PR 1872 


VIHGLGK 


100-106 


50 
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Table V 

Molecular Mass Mapping of Peptides Derived From the 

Human 190 kDa HARE Protein 

The molecular masses of seven peptides derived from tryptic digestion of the 
purified human 190 kDa HARE protein were determined by MALDI-TOF mass 
spectrometry at the Louisiana State University Protein Chemistr/ Facility 
corresponded with perfect identity to deduced sequences within a predicted human 
protein of unknown function (accession number BAB15793). The monolsotopic 
peptide masses were searched against entries in the database, using PeptideSearch 
software from the Ei^BL Protein and Peptide Group. Identical nnasses are assigned 
in this search if the difference between the observed and predicted (calculated) 
masses for a peptide is < 0.2 Da. The corresponding starting and ending residues 
for each peptide within the deduced protein sequence is shown. The N-terminal R 
or K residues in parentheses indicate the deduced residue in the protein and 
confirm that trypsin digestion occurred on the C-termina( side of those amino acids 
as expected. 



Measured 


Calculated 


Mass 


Start-End 


Sequence in SEQ ID NO: 


Mass 


Mass 


Difference 


Residues 


Deduced Human 




(Da) 


(Da) 


(Da) 








599.273 


599.294 


-0.021 


796-800 


(K)GYFGR 


51 


671.384. 


671.399 


-0.015 


656-660 


(K)FHV1R 


52 


792.621 


792.426 


0.195 


1047-1053 


(R)SPLGQYK 


53 


1034.621 


1034.552 


0.068 


440-448 


(R)GSIYQELPK 


54 


1061.781 


1061.584 


0.196 


677-686 


(K)TLQGSELSVK 


55 


1624.051 


1623.886 


0.165 


1047-1060 


(R)SPLGQYKLTFDKAR 


56 


1092.771 


1092.588 


0.183 


495-503 


(K)YGLMPQVLR 


57 
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Table VI 

Characteristics of mAbs against the rat and human HARE isoreceptors 

The 8 mAbs raised against the rat liver 175 kDa HARE were tested for their 
usefulness (+, yes; no) as reagents: for immunopredpitation or Western 
blot (WB) analysis of either the rat or human small (175-190 kDa) or large 
(300-315 kDa) HARE proteins; for inhibition of HA binding to LECs or to 
either HARE in a ligand blot assay; and for immunocytochemical analysis of 
HARE expression In rat or human tissues. 

Mouse Monoclonal Antibody Number 



Property 28 30 54 154 159 174 235 , 467 



fmmunopredprtation of the rat 
175kDa HARE 


+ + -- + + + + 
+ + - - + + + + 
+ + - + + + + + 
+ - + + + + + 
+ - + . 

+ - + - 

, - - - + + - 

+ - - 

+ + + + + +.+ + 


Immunoprecipitation of the rat 
300kDa HARE 


Recognizes nonreduced rat 175kDa 
HARE.in WB 


Recognfees nonreduced rat 300kDa 
HARE in WB 


Recognizes reduced rat 175kDa 
HARE in WB 


Recognizes 260 kDa subunit of rat 
SOOkDaHAREin WB 


Recognizes Z30 kDa subunit of rat 
SOOkDa HARE in WB 


Recognizes 97 kDa subunit of rat 
SOOkDa HARE in WB 


Stocks HA uptake in rat LECs at 37- 
degrees 


Blocks HA binding to 1 75kDa HARE 
in biots 


Blocks HA binding to 300kDa HARE 
in blots 


Immunocytochemistr/ of rat tissues 


Immunopredpitation of the liuman 
190 kDa HARE 


+ - - - - - - 

+ - + - - - - 
+ - + - - - - 

- + . _ - 
+ - + + --- 


Immunoprecipitation of the liuman 
315 kDa HARE 


Recognizes nonreduced human 1 90 
kDa HARE inWB 


Recognizes nonreduced human 315 
kDa HARE in WB 


Recognizes reduced human 190 
kDa HARE inWB 


Recognizes 250 kOa subunit of 
human 315kDa HARE in WB 


Recognizes 220 kDa subunit of 
human 31 5kDa HARE in WB 


Immunocytochemrstry of human 
tissues 
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Table VII 
Human Gene Organization 



Exon hHAREcDNA Chromosome 12 Percent Nucleotides INTRON 
Number 1-4575 Match (Exon) Menticaf (number) (nt) 





A - 1 10 


AAA 1 QQ AAA (\Q(\ 

41 4,1 Ho - 414,0o0 


100 


109 


3,251 


o 


11 9 - 9A'^ 
11^- ^nO 


AAr\ Qoo vnn coo 
41U,oZy - 41u,bya 


99 


132 


70,255 


•a 


041 17'5 


o4U,44o - 340,31 1 


96 


133 


2.232 


o 


0/11 '57'i 


o3o,Q7y - 337,947 


100 


133 


2,473 




<£41 - O/O 


Jo5,474 - 335,342 


100 


133 


1,281 


A 


o/o - 4oU 


334061 - 334004 


100 


58 


1,017 


c 
O 


4oU - OZo 


332,987 - 332,892 


100 


96 


1,065 


u 


OZO - f ZVJ 


331 ,827 - 331 ,632 


98 


194/196 


1,452 


7 


71Q nift 


j3U, 1 oO - 330,083 


100 


98 


2,934 


o 
O 


Die QCO 


327149 - 327103 


100 


47 


851 


Q 


ODo - yoy 


326^02 - 326,176 


100 


77 


1,198 




QOQ iriRc 

y JO - 1 UDo 


324,978 - 324,851 


100 


128 


2,046 


1 1 


incc ii/in 
lUOO - n4U 


322,805 - 322,730 


100 


76 


1,878 


19 
1^ 


1 1 07 101 1 


320,852 - 320,778 


100 


75 


7,322 


•1 1 
To 


iziz - 1oo2 


313,456 -313,336 


100 


121 


1.018 


14 


lozy - loHO 


312,318-312,267 


100 


52 


1,100 


10 


To/ A - 14oo 


311,167-311,079 


98 


88/89 


1,500 


lb 


14do - 1610 


309,579 - 309,432 


100 


148 


1,117 


1 i 


VQ\J( - 1 /Ol 


308,315-308,171 


100 


145 


1,319 


lO 


17C4 -i 0*10 

1/01 - 1o12 


306,852 - 306,791 


100 


62 


1,367 


1Q 


louy - lyyo 


305,424 - 305,243 


100 


182 


2.425 


17 


1b07 - 1751 


302,818-302,674 


100 


145 


5,618 




A QQ"7 on7n 


297,056 - 296,964 


100 


93 


2.053 


21 


2079 - 2226 


904 Q1 1 - 004 7R4 


inn 


140 


1 / ,2oo 


18 


1751-1812 


277,526 - 277,465 


100 


62 


1.367 


19 


1809-1990 


276.098-275.917 


100 


182 


2,304 


20 


1987 - 2079 


273,613-273.521 


100 


93 


2,052 


21 


2079 - 2226 


271,469-271,324 


98 


146/148 


1,630 


22 


2225 - 2283 


269,694 - 269.636 


100 


59 


1,158 


23 


2281-2409 


268,478-268.350 


100 


129 


1.648 


24 


2409 - 2559 


266,702 - 266,552 


99 


150/151 


2,619 


25 


2560-2664 


263.933-263,829 


100 


105 


1,316 


26 


2661 - 2772 


262,513-262,402 


100 


112 


2,256 


27 


2770 - 2967 


260,146-259.949 


100 


198 


1,421 


28 


2966-3108 


258,528 - 258,386 


100 


143 


2,499 


29 


3108-3243 


255,887-255,752 


100 


136 


1,946 


30 


3241 - 3408 


253.806-253,639 


100 


168 


143 


31 


3407 - 3516 


253,496-253,387 


100 


110 


2,450 


32 


3515 - 3635 


250,937-250,817 


100 


121 


842 


33 


3634-3776 


249,975 - 249.833 


100 


143 


2.026 
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34 


3776 - 3887 


247,807 - 247.696 


100 


112 


863 


35 


3887-4134 


246,833 - 246.505 


100 


130 


881 


36 


4015 - 4075 


246.624 - 245,564 


100 


120 


2,735 


37 


4076-4132 










38 


4133 - 4575 


242,829 - 242,387 


100 


443 





hHARE ORF encoding 1394 amino adds is nucleotides 1- 



4182 
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III). Bght of the PCR products (Table HI) each encoded two-three tryptic peptides 
predicted to be in the BAB15793 protein and confirm the relationship between the 
purified human spleen HARE and the partial protein sequence deduced from 
BAB15793. 

The nucleic acid sequence (SEQ ID NO: 24) and deduced protein sequence 
(SEQ ID NO:25) for the 190 kDa HARE is shown in Rg. 33. The BAB15793 
nucleotide sequence contains a partial ORF of 1193 amino acids that starts at 
nucleotide position 606. The RT-PCR products generated from spleen mRNA 
confirmed almost all of the 4575 bp BAB15793 sequence with several important 
exceptions. Most significantiy, key results characterizing new human HARE 
sequences were obtained from the most 5' PCR product generated from primer 
pair BABIF (SEQ ID N0:5) (derived from an upstream region of BAB15793 that 
had been incorrectly concluded to be untranslated) and HSP-2R (SEQ ID NO:26). 
The majority of this 418 bp PCR product is upstream of the putative Trp residue 
(see Rg. 28) that begins the BAB15793 hypothetical protein sequence (Rg. 33). 
In fact, the first seven residues of this hypothetical sequence were incorrect due 
to a frameshift error. The 139 amino add sequence derived from the 1F-2R (SEQ 
ID N0S:5 and 7, respectively) PCR product is in-frame with, and extends the size 
of, the human HARE ORF to at least 4182 bp, ending at a stop codon and encoding 
a protein of 1394 residues. This additional deduced protein sequence contains 
another three tryptic peptides identified from Oie purified HARE protein (Table IV) 



99 



wo 01/81544 



PCTAJSOl/13403 



and is 83% identical to the same 139 residue region in the rat 175 kDa HARE. 

As shown in FIG. 37, the entire 1394 amino add open reading frame of the 
human 190 kDa HARE (SEQ ID NO:25) has been successfully amplified from a 
human lymph node cDNA library. The primer pair BAB1F-8R (SEQ ID N0:5 and 
SEQ ID NO: 6, respectively) (Table III) was utilized for the PCR amplification of the 
entire 1394 amino acid reading frame (SEQ ID NO:25) (4182 nucleotides) shown 
in Fig. 33. A similar 4182 bp PCR product was also seen with a comparable cDNA 
library prepared from human spleen (not shown). 

Based on all of these above results, we conclude that we have identified and 
assembled the human cDNA sequence encoding the 190 kDa HARE, except for the 
amino terminal end. - Assuming that the human core protein is larger than the 
1431 amino acid rat protein by about 15 kDa, we estimate that a --170 amino acid 
region remains to be identified. 5' RACE analyses are ongoing with multiple 
approaches to extend the 5' sequence of the human HARE ORF to the equivalent 
NH2-terminus found for the recombinant rat 175 kDa HARE. Since we have 
recently identified a human cDNA library from which we can amplify the complete 
4182 bp PCR product expected from the primer pair BAB1F-8R (SEQ ID N0:5 and 
SEQ ID NO: 6, respectively), we can also clone the appropriate complete cDNAs. 
Therefore, the present invention is not limited to the cDNAs disclosed herein, but 
further encompasses the complete cDNA for human HARE which can be obtained 
using standard procedures known to a person of ordinary skill in the art. 
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Domain organization and cttaractenstics of the 190 f<Da HARE. The overall 
organization of the human 190 kDa HARE protein is very similar to that of the rat 
175 kDa HARE. The human HARE is predicted to be a type I membrane protein 
(Fig. 34), with a large NHj-terminal extracellular domain (>1300 amino acids), a 
single transmembrane domain ('-21 amino acids), and a small COOH-terminal 
cytoplasmic domain (^-72 amino acids). The predicted mass of the 1394 residue 
partial core protein determined here is 151,402 Da and the pi is pH 5.9. The 
protein contains 17 potential N-glycosylation sites (-N-X-T/S-) in the extracellular 
domain. Twelve of these sites are identical with sites in the rat 175 kDa HARE (Rg. 
35). An additional three nonclassical glycosylation sequons (-N-X-C-) are present 
in the human HARE, two of which are conserved with the rat HARE. An interesting 
feature of these Cys-containing sites is that glycosylation and participation of the 
Cys in a disulfide bond may be mutually exclusive (Miletich and Broze, J. Biol, 
Oiem. 265:11397 (1990)). The 190 kDa HARE extracellular domain has two 
cysteine-rich regions and multiple EGF-like, pIgH3, Furin, Metallothionein and 
Fasciclin domains, as well as Early Protein and DSL domains and one 93 amino acid 
Unk (or Xlink) domain near the membrane junction (Gly^*^^ - Tyr^"^). Many of the 
programs such as Pfam-HMM, ScanProsite, SMART (Schultze et al, Proc. NatL 
Acad. Sci, USA 95:5857 (1998)) or CD-Search identify domains that are only 
partial or weak matches and overlap with other domains. In particular the EGF-like 
domains show this characteristic (Rg. 34). Although the overall organization of ail 
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these above domains is very similar between the human and rat HARE proteins, 
the exact arrangement and number of each type of domain is not identical. 

The partial human 190 kDa HARE and the rat 175 kDa HARE protein 
sequences are 76.7% Identical, with a gap frequency of only 0.2% (using the SIM 
Alignment Program), over a region containing 1394 residues (Rg. 35). An 
additional 6.5% of the amino acid differences between the two proteins are 
conservative substitutions (e.g. R/K or S/T). Almost all of the cysteine residues 
within the extracellular domains of the two HARE proteins are absolutely 
conserved, which suggests that the two proteins have the same overall folding and 
organization of their polypeptide chains. The other HARE family members noted 
in Rg. 28 also share this extensive conservation of cysteine residues in their 
extracellular domains, as well as the same overall domain organization including 
the Xlink domain and a single predicted transmembrane region. Unlike the rat 
protein, the human HARE has no cysteine residues in its transmembrane or 
cytoplasmic domains. The cytoplasmic domains of the two HARE proteins are less 
conserved (25% identical) than their transmembrane (76% identical) or 
extracellular domains (80%). Nonetheless, two candidate (pXXB motifs for 
targeting these receptors to coated pits are highly conserved: the human HARE 
YSYFRI^^^^ and FQHF^^^ motifs differ by only one amino add from the 
corresponding regions in the rat HARE cytoplasmic domain (Rg. 35). 
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Organization of the Human Gene for HARE. Table Vn and FIG. 38 
summarize the organization of exons and introns within a gene on human 
chromosome 12 that encodes 1357 amino adds of the 190 kDa HARE protein 
disclosed herein. More than 97% of the 4182 nucleotide sequence representing 
the ORF for this portion of HARE is present as ~38 exons interrupted by more than 
40 introns, which vary in length from 143 to 70,255 nucleotides. All regions of the 
human HARE ORF disclosed here, with the exception of putative exori^3>(6ncoding 
nucleotides 4076-4132) are present in the continuous DfJA-^uence (>171 kb) 
deposited under accession number NT_024383.2. The sequence was deposited 
as a putative gene of unknown expression or function. The disclosure here 
provides the first identification of a function for the protein encoded bv this oene. 
The complete gene is expected to be >200 kb in size. The coding exons (shown as 
black or gray boxes with boldface numbers) are small and relatively uniform in 
length; 12 contain <100 nucleotides, 24 contain 100-200 nucleotides and 1 is 
>200 nucleotides. The variably shaded box (#38) represents the 3' downstream 
region of the HARE gene containing polyA sites etc. The arrangement of exons 
within the 171 kb region reported by the human genome project indicates that 
several coding exons are duplicated (these are shaded in gray); numbers 3, 17, 
18,19, 20 and 21. The human HARE nucleotide sequence disclosed here is 
>99.8% identical (4065 out of 4071) to the nucleotide sequence of the exons 
identified in the NT_024383.2 gene. / 
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DISCUSSION 

HA was discovered and named over 67 years ago by Meyer and Palmer (J. 
Biol. Chem. 107:629 (1934)), and then shown by many other investigators to be 
a common, ubiquitous, component of essentially all ECMs in vertebrates. HA is the 
only glycosaminogiycan that is not sulfated and not covalently attached to a core 
protein. It is a linear polymer composed of the repeating disaccharide unit 2-deoxy, 
2-acetamido-D-glucopyranosyl-p(l,4)-D-glucuronopyranosyl-p(l,3) (Laurent and 
Fraser, Degradation of Bioactive Substances: Physiology and PathoohvsioloQy, 249, 
CRC Press, Boca Raton, FL (1991); Laurent and Fraser, FASEBX 6:2397 (1992)). 
The molecular weight of native HA can be as high as 10^ , which is up to 10,000- 
times the size of other glycosaminogiycan chains attached to proteoglycans. The 
physical characteristics of HA solutions, particularly their rheologic properties and 
viscoelasticity, are ideally suited for the role of HA in specialized ECMs of skin, 
cartilage, and fluids such as In the vitreous humor of eye and the synovium of 
joints. 

Although its structure is simple, HA influences many cell functions and 
behaviors, including cell migration, differentiation, and phagocytosis (Evered and 
Whelan, The Biology of Hvaluronan. 143:1 (1989); Laurent and Fraser, FASEBl 
6:2397 (1992); Knudson and Knudson, FASEBJ. 7:1233 (1993); Toole, J. Intern. 
Med, 242:35 (1997); Abatangelo and Weigel, New Frontiers in Medical Sciences: 
Redefining Hvaluronan. Elsevier Science BV., Amsterdam (2000);Turley, Cancer 
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Metastasis Rev. 11:21 (1992)). HA is an important molecule in development 
(Toole, 1 Intern, Ned. 242:35 (1997); Gakunga et al, DeveL 124:3987 (1997)), 
wound healing (locona et al, J. Surg, Res, 76:111 (1998); Burd et al, Br. J, Plast, 
Surg, 44:579 (1991); Weigel et al, 7. Theoret Biol, 119:219 (1986); Chen and 
Abatangelo, Wound Repair Regen, 7:79 (1999)), angiogenesis (West et al, 
Science, 14:1324 (1985); Deed et al, IntJ, Cancer, 71:251 (1997); Rahmanian 
et al, Exp. Cell Res, 237:223 (1997)), and tumor growth and metastasis (Zhou et 
al, J. Biol. Chem. 276: in press (2000); Csoka et al Invasion Metastasis, 17:297 
(1997); Delpech et al, 1 Intern, Med. 242:41 (1997)). For example, the ability of 
HA to form large aggregates by binding to ECM proteoglycans, such as aggrecan 
and perlecan, is necessary for normal tissue differentiation (Vertel et al, Biochem 
J, 301:211 (1994); Handler et al, Dev, Dyn. 210:130 (1997)). 

Previously, most investigators believed that the physiological function of HA 
in the ECM was only structural or physical. However, HA is now recognized as a 
pharmacologically active signaling molecule, in addition to an ECM structural 
component Numerous cell types respond physiologically to HA of different sizes. 
In particular, small, but not large, HA stimulates angiogenesis (West et al. Science, 
14:1324 (1985); Deed et al, Int J, Cancer, 71:251 (1997); Rahmanian et al, Exp. 
Cell Res. 237:223 (1997)) and small, not large, HA stimulates activated 
macrophages to induce the expression of a large number of genes (Horton et al, 
J, Biol. Chem. 273:35088 (1998); Horton et al, Am. J. Physiol. Lung Cell Mol. 
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PhysioL 279:707 (2000)). Similarly, only small HA induces the expression of NO 
synthase in Kupffer cells and LECs, but not in stellate cells or hepatocytes (Rockey 
et al. Hepatol. 27:86 (1998)). Although most investigators presume that specific 
cell surface receptors in these sensitive cell types bind these small HA fragments 
and then mediate the stimulation of intracellular signal cascades, no such receptor 
has yet been identified. 

There are currently about four known types of HA-binding proteins or 
hyaladherins (Toole. Curr. Opin, Cell BioL 2:839 (1990)): enzymes, components 
of the ECM, cell surface receptors and soluble plasma or intracellular molecules. 
Cell surface HA receptors that have been characterized to date include CD44, 
LYVE-1, CD168 (formerly designated RHAMM), ICAM-1, and HARE. A scavenger 
receptor able to bind and internalize HA may also be present in liver (McCourt et 
al. HepatoL 30:1276 (1999)). HARE is distinct from all the other. cell surface 
receptors with specificity for HA because it is an endocytic, recycling receptor that 
mediates the rapid and efficient endocytosis of HA via the clathrin-coated pit 
pathway. CD168 is found on the surface of, and inside, many cell types and can 
mediate a cell migration response to HA (Turley et ai. Blood, 81:446 (1993); 
Hofmann etal, J. Ce// So, 111:1673(1998)). The CD44 family of transmembrane 
glycoproteins is found in hemopoietic cells, epithelial and endothelial cells, 
lymphocytes and many cancer cells (Lesley et al. Adv. Immun. 54:271 (1993)) and 
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has structural homology to cartilage link protein (Bajorath et al. 1 Biol. Chem. 
273:338 (1998)). 

LYVE-1, a member of the CD44 family, is localized to lymphatic vessel 
endothelial cells in many tissues, but is not present in blood vessels (Banerji et al. 
J. CellBloL 144:789 (1999)). Preliminary results indicate that LYVE-l.and HARE 
have distinct, non-overlapping distributions within various lymphatic tissues. HARE 
is expressed in the sinusoids of liver and lymphatic tissues (Zhou et al. J. Biol. 
Chem. 275:37733 (2000)), which is a localization well suited to keep a very low 
level of systemic HA (Le. HA that is not associated with an ECM). Liver, spleen and 
lymph node express large amounts of HARE for this purpose. ICAM-1 is an 
adhesion molecule on the cell surface that binds HA (Hayflick et al, ImmunoL Res. 
17:313 (1998)). Some confusion may still exist regarding ICAM-1 because several 
studies have appeared (Gustafson et al, Glycoconj. J. 12:350 (1995); Fuxe et al, 
Brain Res. 736:329 (1996)) that were based on the incorrect identification of 
ICAM-1 as the endocytic HA receptor in LECs (McCourt et al, J. Biol. Chem. 
269:30081 (1994)). This misidentification was later acknowledged to be an artifact 
(McCourt and Gustafson, Int J. Blochem. Cell Biol. 29:1179 (1997)), but the 
erroneous report was not withdrawn. 

Because it is non-immunogenic and has special viscoeiastic and rheological 
properfa'es in solution, HA is used in many clinical applications, and its medical uses 
are growing rapidly. For example, ophthalmic surgeons worldwide routinely use 
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Sterile solutions of pure, pyrogen-free, high molecular weight HA in numerous 
procedures (Goa and Benfield, Drugs, 47:536 (1994); Panay and Lower, Cum 
Opin. Obstet GynecoL 11 :379 (1999)). HA is ideally suited for such uses, since it 
is a natural ocular component, and its physical properties keep the eyeball from 
collapsing. Many patients with osteoarthritis or rheumatoid arthritis now experience 
significant improvement after receiving intra-articular injections of HA (Pelletier and 
Martel-Pelletier J. Rheumatol. 20:19 (1993)). Laurent et a/. {Arch. Otolar/ngol. 
Head Neck Surff. 114: 1435 (1988)) have also used HA to heal peri'orated tympanic 
membranes, which then restores hearing. HA has been used topically to reduce 
postoperative pericardial adhesions and as an aerosol to prevent elastase-mediated 
injury in pulmonary emphysema (Cantor et al. Proc. Soc. Exp. Biol. Med. 217:471 
(1998)). HA is also used as a drug delivery vehicle (Ilium et al. J. Control Release, 
29:133 (1994); Luo et al. J. Control Release, 69:169 (2000)). Because of its use 
in such a wide array of medical applications, it is critical that we understand the 
biological effects of exogenously administered HA and how its turnover and 
clearance from the body is regulated. 

Clearance of the endogenous circulating HA from lymph and blood is also 
likely to be very important for nomiai health, because the viscosity of these fluids 
would rapidly increase to dangerous levels if the concentration of HA was allowed 
to accumulate, particularly if.it was of high molecular weight as found in lymph 
fluid (more than about 10^). For example, one can readily envision the difficulty of 
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erythrocyte flow through tiny capillaries under conditions of high viscosity. The 
175/190 kDa and 300/315 kDa HARE proteins are two HA isoreceptors for 
endocytosis present in mammalian liver, spleen and lymph node. Such two HA 
isoreceptors may be necessary to mediate HA uptake and degradation in mammals 
because of the extremely broad range of HA molecular masses present in tissues 
throughout the body. The two isoreceptors could have different preferences for the 
size of the HA with which they interact. Presumably the smaller HARE would 
interact with smaller HA and the larger HARE with larger HA. 

The present results show that the rat 175 kDa HARE is a bone fide endocytic 
receptor for HA, capable of functioning independently of the 300 kDa HARE. 
Although it is possible that the 175 kDa HARE and 300 kDa HARE species could 
function together as a large complex, it is apparently not necessar/ for these two 
HAREs to be present in the same cell in order to create a specific functional HA 
receptor. Therefore, the 175 kDa HARE and 300 kDa HARE are independent 
isoreceptors. Studies are in progress to determine whether sinusoidal endothelial 
cells express either one of the HARE species alone or always together, and if the 
expression pattern of the two HARE species is tissue specific. 

The rat 175 kDa HARE protein identified herein is a functional endocytic 
HA receptor when expressed from a non-naturally occurring synthetic cDNA. 
The protein is not directly encoded by an mRNA, but rather is apparently 
derived from the proteolytic processing of a larger protein, which may be the 
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large 260 kDa subunitof the 300 kDa HARE complex. The mRNA encoding the 
rat 175 kDa HARE is '^'10 kb, substantially longer than that required for this size 
protein. That the characteristics of the rat and human HAREs are similar 
indicates a similar proteolytic processing may generate the human 190 kDa 
HARE from one of the large subunits of the 315 kDa HARE. The two human 
HARE isoreceptors described here have a very similar organization to the two 
rat HAREs, and the three anti-rat mAbs that recognize the 190 kDa human 
HARE also cross-react with the two large subunits of the human ~315 kDa 
HARE {not shown). 

The organization of the two HARE isoreceptors purified from human 
spleen is depicted in Rg. 36. The 190 kDa and '-^315 kDa HAREs are most likely 
isoreceptors able to function independently as coated pit mediated endocytic 
receptors for HA. The 190 kDa HARE contains a single protein. The ^-315 kDa 
HARE disulfide-bonded complex contains 2-3 copies of a 250 kDa subunit and 
1 copy of a 220 kDa subunit. Spleen has approximately 2-3 times more of the 
~315 kDa HARE species compared to the 190 kDa HARE. It is proposed that 
the large HARE may be more effective in binding and in internalizing larger HA 
and the smaller HARE may be more effective in recognizing smaller HA. Since 
the size distribution of HA varies 100-fold in the body, more than one HARE 
may be needed physiologically to remove it. 
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The large extracellular domain of the 190 kDa HARE is predicted (Schuitz 
et al, Proa Natl. Acad. Sa\ USA 95:5857 (1998)) to contain a delta serrate 
ligand (DSL) domain, and up to four B-Ig-Hj/fasciclin-like domains, three 
i^etallothionein domains, four Furin-like domains, a Link domain and ^24 EGF- 
like domains (many of which overlap) arranged in two cysteine-rich clusters 
separated by a 353 amino acid region that is cysteine-poor. Fasciclins are Ig- 
like cell adhesion molecules originally found on a subset in insects of axons 
during neuronal development (Kose et al, Development, 124:4143 (1997)). 
The EGF-like domains include laminin-like, EGF-1, EGF-2 and Ca"^^-binding 
domains (Selander-Sunnerhagen etal, J. BioL Chem. 267:19642 (1992)). We 
showed previously in rat LECs that HARE can function without any divalent 
cations including Ca"^^ (Yannariello-Brown etal, J- Cell Biochem. 48:73 (1992)). 
Several of the EGF-like domains in the human HARE have the characteristic 
pattern of six cysteines needed for the typical organization and folding of this 
domain (Selander-Sunnerhagen etal, J. BloL Chem. 267:19642 (1992)). 

The cytoplasmic domain of the human HARE {-^Y^^^^ - L^^^"*) contains four 
tyrosine, seven serine and five threonine residues, although only residues S^^'*^ 
51380^ ji366^ Y^3" and Y^^^^ are predicted (by NetPhos 2.0) to be phosphorylated. 
PEST motifs for rapid degradation, or consensus sequences for 0-glycosylation 
by GlcNAc are not present. As expected, the cytoplasmic domain contains 
several putative, candidate motifs for targeting the protein to clathrin coated 
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pits. The sequence YSYFRI^^^^ at the junction between the transmembrane and 
cytoplasmic domains, contains an interesting overlapping combination of two 
(pXXB motifs, where (j) is either tyrosine or phenylalanine, X can be any amino 
acid and B is a hydrophobic residue with a bulky side chain. The LDL, mannose 
and cation-dependent mannose 5-phosphate receptors, which are recycling 
endocytic receptors, are targeted to coated pits by ver/ similar overlapping 
(pXXB motifs (Mellman,>!\/?/7{/, Rev. CellBioL 12:575 (1996)). A third candidate 
(pXXB motif is present at FQHF^^^^ 

The Link domain is clearly a good candidate for an HA-binding region but 
it is very likely that other, perhaps multiple, non-Link HA-binding domains are 
also present in the extracellular domain of HARE. Day, Jackson and colleagues 
have extensively investigated the structural requirements for HA-binding 
actlvit/ of Link domains from different proteins (Bajorath et al, J. BloL Chem, 
273:338 (1998); Kahmann et al, Structure Fold Des, 8:763 (2000); Banen'i et 
al. Protein Expn Purif. 14:371 (1998); Mahoney et al, 3. Biol Chem. Published 
April 3, 2001, JBC, online). In general, the affinities of these link domains is in 
the 10^ M"* range, which is not suitable for efficient receptor mediated 
endocytosis. Receptor-iigand complexes targeted to coated pits typically have 
values In the nM range. ECM proteins containing Link domains can form 
stable multivalent networks with HA, although the binding affinity of Individual 
HA-Link domain interactions is weak.- Based on these above considerations, the 
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extracellular domain of HARE contains multiple HA-binding regions. The 
formation of multivalent interactions of an HA molecule with several HA-binding 
domains on separate HAREs would not occur as efficiently as multiple 
interactions within the same HARE molecule. The longer '-3 15 kDa HARE 
isoreceptor probably has more HA-binding domains than the smaller 190 kDa 
HARE. 

The human HARE sequence reported here shares a high level of identity 
with a family of human proteins, as well as the rat 175 kDa HARE, shown in Fig. 
28. One of these deduced human proteins, derived from accession number 
AAF82398, was designated FELL because it contains Fasciclin, EGF-Like, and 
Link domains. The three sequences represented by AAF82398, CAB61358 and 
BAB15793, have 95% identity among themselves and may be the same 
species; the slight differences could be due to sequencing errors or alternative 
splicing. The sequences of BAA13377 and CAB61827, which encodes stabilin-1, 
are more related to each other than to the three sequences noted above or to 
HARE. Although the BAA13377 mRNA sequence is present in endothelial cells, 
the presence of protein or associated HA-binding activity was not determined 
(Tsifrina et al, Am, 3. Pathol. 155:1625 (1999)). Because we have identified 
the first function for a member of this protein family, it may be more relevant 
now to designate these proteins as HARE or HARE-like rather than FELLs. 

The overall similarities in their extracellular, transmembrane and 
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cytoplasmic domains suggest that the members of this HARE protein family may 
all be able to bind HA, chondroitin, chondroitin sulfate or other 
glycosaminoglycans and mediate their endocytosis through the clathrin-coated 
pit pathway. The differences in their membrane and cytoplasmic domains also 
raise the possibility that the members of this family could interact with different 
membrane or cytoplasmic regulatory factors and consequently process or route 
these bound ligands through different intracellular pathways. 

Our current model for HA turnover in mammals (Fig. 38) highlights the 
role of HARE in liver and lymph node and to a lesser extent in spleen. HARE 
mediates the uptake of HA into these tissues so it can be removed from the 
lymph or blood and degraded. A large fraction of the ~5g of HA turned over 
daily by humans is probably derived from skin, which contains about 50% of 
our total body HA (Abatangelo and Weigel, New Frontiers in Medical Sciences: 
Redefining. Hvaluronan (2000); Laurent and Fraser, FASEB J. 6:2397 (1992)) 
and which remarkably, has a half-life of only '-one day (Tammi et al, 7. Invest 
Dermatol. 97:126 (1991)). Presently there are important clinical uses for HA- 
containing devices in treating wounds and osteoarthritis and in eye surgery 
(Laurent and Fraser, FASEB J. 6:2397 (1992); Panay and Lower, Curr: Opin. 
Obstet Gynecol. 11:379 (1999)). Additional future uses of HA in clinical 
applications are likely to be developed based on our growing understanding of 
the biology of HA and its multiple roles in wound healing (locona et al, J. Surg. 
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Res. 76:111 (1998); Chen and Abatangelo, Wound Repair Regen, 7:79 (1999)), 
angiogenesis (West et al. Science, 14:1324 (1985); Deed et al, Int J. Cancer, 
71:251 (1997); Rahmanian et al, Exp. Cell Res. 237:223 (1997)), macrophage 
activation (Morton et al, J. Biol. Chem. 273:35088 (1998); Morton et al, Am. J. 
Physiol. Lung Cell MoL Physiol". 279:707 (2000)) and metastasis (Csoka et al. 
Invasion Metastasis, 17:297 (1997); Delpech et ai, J. Intern. Med. 242:41 
(1997)). A variety of different drug delivery systems utilizing HA are also being 
developed (Cantor et al, Proc. Soc. Exp. Biol. Med. 217 'All (1998); Ilium et al, 
J. Control Release, 29:133 (1994); Luo et al, J. Control Release, 69:169 
(2000)). Given the likely increase in the clinical uses of HA-containing devices 
and drugs it is important that we now understand the overall mechanism of HA 
turnover in the body. In particular, the present molecular identification and 
characterization of the human HA Receptor for Endocytosis responsible for HA 
clearance is timely and should facilitate further studies in this field. 

The human gene encoding HARE, which is in the genome database (under 
accession # l\IT_024383.2), is located on chromosome 12 and appears to be a 
highly fragmented and unusual gene. The HARE coding region for the 1394 amino 
acids reported here is present as about 37 exons, most of which are only 100-200 
bp long, distributed relatively regularly over a ^-171 kb region (see FIG. 38 and 
Table VII). The mouse gene is similariy organized. 
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Thus it should be apparent that there has been provided in accordance with 
the present invention a purified nucleic acid segment having a coding region 
encoding functionally active HARE, methods of producing HARE from the HARE gene, 
methods of purifying HARE, and the use of fragments of HARE that specifically bind 
HA, chondroitin and chondroitin sulfate, that fully satisfies the objectives and 
advantages set forth above. Although the invention has been described in 
conjunction with specific embodiments thereof, it is evident that many alternatives, 
modifications, and variations will be apparent to those skilled in the art. Accordingly, 
it is intended to embrace all such altematives, modifications, and variations that fall 
within the spirit and broad scope of the appended claims. 

All of the numerical and quantitative measurements set forth in this 
application (including in the examples and in the claims) are approximations. 

The invention illustratively disclosed or claimed herein suitably may be 
practiced in the absence of any element which is not specifically disclosed or claimed 
herein. Thus, the invention may comprise, consist of, or consist essentially of the 
elements disclosed or claimed herein. 

The following claims are entitled to the broadest possible scope consistent with 
this application. The claims shall not necessarily be limited to the preferred 
embodiments or to the embodiments shown in the examples. 
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What Is claimed is : 

1. An antibody that selectively binds to an epitope of HARE. 

2. An antibody that selectively binds to an epitope of HARE and inhibits the 
binding of at least one of HA, chondroitin and chondroitin sulfate to HARE. 

3. A humanized monoclonal antibody that selectively binds to an epitope of a 
HARE and inhibits the binding of at least one of HA, chondroitin and chondroitin 
sulfate to the HARE. 

4. A method of making an antibody, comprising immunizing a non-human animal 
with an immunogenic fragment of HARE. 

5. The method of claim 4 wherein the immunogenic fragment comprises a 
sequence in accordance with at least one of SEQ ID N0:2 and SEQ ID NO:25. 

6. The method of claim 5 wherein the Immunogenic fragment comprises a 
sequence fn accordance with a portion of at least one of SEQ ID N0:2 and SEQ ID 
NO:25. 

7. A method of making a humanized monoclonal antibody, comprising: 
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tmmunizing a non-human animal with an immunogenic fragment of HARE 

to form a monoclonal antibody,; and 
removing portions of the monoclonal antibody which may be antigenic in a 

human and substituting like portions of a human antibody therefor. 

8. The method of claim 7 wherein the immunogenic fragment comprises a 
sequence in accordance with at least one of SEQ ID N0:2 and SEQ ID NO:25. 

9. The method of claim 8 wherein the immunogenic fragment comprises a 
sequence in accordance with a portion of at least one of SEQ ID N0:2 and SEQ ID 
NO:25. 

10. The method of claim 7 wherein the immunogenic fragment comprises an HA- 
binding domain of HARE. 

11. A method of making an antibody, comprising the steps of: 

identifying a hybridoma cell that produces a monoclonal antibody specific for 
HARE; and 

culturing the hybridoma cell under conditions that permit production of the 
monoclonal antibody. 
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12. The method of claim 11 wherein the method further comprises isolating the 
monoclonal antibody from the cultured hybridoma celL 

13. A method of purifying a functionally active HARE wherein the HARE is able to 
•specifically bind at least one of HA, chondroitin and chondroitin sulfate, comprising 
the steps of: 

providing a biological sample containing HARE; 

providing an affinity matrix comprising an antibody that selectively binds to 
an epitope of HARE and a solid support to which the antibody is 
bound; 

contacting the biological sample with the affinity matrix such that HARE in 
the biological sample binds to the antibody of the affinity matrix; 

separating the HARE bound to the antibody of the affinity matrix from the 
remainder of the biological sample; and 

releasing the HARE from the antibody of the affinity matrix. 

14. The method of claim 13 wherein, in the step of providing the biological 
sample, the biological sample is obtained from at least one of liver, spleen, lymph 
nodes and bone marrow. 



119 



wo 01/81544 



PCTAJSOl/13403 



15. The method of claim 13 wherein, in the step of providing an affinity matrix, 
the antibody of the affinity matrix inhibits the binding of at least one of HA, 
chondroitin and chondroitin sulfate to HARE. 

16. The method of claim 13 wherein the step of releasi.ng the HARE from the 
antibody of the affinity matrix is further defined as contacting the HARE bound to 
the antibody of the affinity matrix with an eluate which disrupts the binding 
between the HARE protein and the antibody. 

17. The method of claim 13 wherein, in the step of providing an affinity matrix, 
the antibody of the affinity matrix is a monoclonal antibody. 

18. A purified mammalian HARE comprising a polypeptide which is able to 
specifically bind at least one of HA, chondroitin and chondroitin sulfate. 

19. A purified mammalian HARE comprising a protein having a molecular weight 
in a range of from about 175 kDa to about 190 kDa which is able to specifically 
bind at least one of HA, chondroitin and chondroitin sulfate. 

20. The purified mammalian HARE of claim 19 wherein the HARE comprises a 
sequence in accordance with at least one of SEQ ID N0:2 and SEQ ID NO:25. 
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21. A purified mammalian HARE comprising a protein having a molecular weight 
in a range of from about 300 kDa to about 315 kDa which is able to specifically 
bind at least one of HA, chondroitin and chondroitin sulfate, the protein comprising 
at least two disulfide-bonded subunits. 

22. A purified mammalian HARE, comprising: 

a protein which is able to specifically bind at least one of HA, chondroitin and 
chondroitin sulfate, the protein being recognized by at least one of the 
monoclonal antibodies mAb-28, mAb-30, mAb-54, mAb-154, mAb- 
159, mAb-174, mAb-235, mAb-467, or a monoclonal antibody which 
demonstrates an immunological binding characteristic of such 
monoclonal antibodies. 



23. The purified mammalian HARE of claim 22 wherein binding of at' least one of 
the monoclonal antibodies to HARE results in inhibition of the ability of the protein 
to specifically bind at least one of HA, chondroitin and chondroitin sulfate. 



24. A purified mammalian HARE, comprising: 

a protein which is able to specifically bind at least one of HA, chondroitin and 
chondroitin sulfate, the protein comprising a sequence in accordance 
with SEQ ID N0:2. 



121 



wo 01/81544 



PCTAJSOl/13403 



25. A purified mammalian HARE, comprising: 

a protein which is able to specifically bind at least one of HA, chondroitin and 
chondroitin sulfate, the protein having at least 40% sequence identity 
to SEQ ID NO: 2, 

26. The purified mammalian HARE of claim 25, wherein the protein has at least 
80% sequence identity to SEQ ID NO: 2. 

27. The purified mammalian HARE of claim 25, wherein the protein has at least 
90% sequence identity to SEQ ID NO: 2. 

28. A purified mammalian HARE, comprising: 

a protein which is able to specifically bind at least one of HA, chondroitin and 
chondroitin sulfate, the protein comprising a sequence in accordance 
with SEQ ID NO:25. 

29. A purified mammalian HARE, comprising: 

a protein which is able to specifically bind at least one of HA, chondro/tin and 
chondroitin sulfate, the protein having at least 40% identity to SEQ ID 
NO: 25. 
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30. The purified mammalian HARE of claim 29, wiierein the protein has at least 
80% sequence identity to SEQ ID NO: 25. 

31. The purified mammalian HARE of claim 29, wherein the protein has at least 
90% sequence identity to SEQ ID NO:25. 

32. A purified mammalian HARE fragment, comprising: 

a peptide which is able to specifically bind at least one of HA, chondroitin 
and chondroitin sulfate, the peptide being recognized by at least one 
of the monoclonal antibodies mAb-28, mAb-30, mAb-54, mAb-154, 
mAb-i59-, mAb-174, mAb-235, mAb-467, or a monoclonal antibody 
which demonstrates an immunological binding characteristic of such 
monoclonal antibodies. 

33. The purified mammalian HARE fragment of claim 32, wherein the peptide 
comprises a soluble fragment of HARE. 

34. The purified mammalian HARE fragment of claim 33, wherein the peptide 
comprises an extracellular domain of HARE. 
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35. The purified mammalian HARE fragment of claim 33, wherein the peptide 
comprises an HA-binding domain of HARE. 

36. The purified mammalian HARE fragment of claim 32, wherein binding of at 
least one of the monoclonal antibodies to the purified mammalian HARE fragment 
results in inhibition of the ability of the protein to specifically bind at least one of 
HA, chondroitin and chondroitin sulfate. 

37. A purified mammalian HARE fragment, comprising: 

a peptide which is able to specifically bind at least one of HA, chondroitin 
and chondroitin sulfate, the peptide comprising a sequence in 
accordance with at least a portion of one of SEQ ID NO: 2 and SEQ ID 
NO:25. 

38. The purified mammalian HARE fragment of claim 37, wherein the peptide 
comprises a soluble fragment of HARE. 

39. The purified mammalian HARE fragment of claim 38, wherein the peptide 
comprises an extracellular domain of HARE. 
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40. The purified mammalian HARE fragment of claim 38, wherein the peptide 
comprises an HA-binding domain of HARE. 

41. A purified composition, wherein the purified composition comprises a 
fundaonally active HARE polypeptide. 

42. A purified composition, wherein the purified composition comprises a 
functionally active HARE polypeptide, wherein the functionally active HARE 
polypeptide has an amino acid sequence selected from the group consisting of an 
amino acid sequence in accordance with SEQ ID N0:2 and an amino acid sequence 
in accordance with SEQ ID NO:25. 

43. A purified composition, comprising a polypeptide, wherein the polypeptide is 
a fi3gment of a functionally active HARE, the polypeptide able to bind at least one 
of HA, chondroitin and chondroitin sulfate. 

44. The purified composition of claim 43, wherein the polypeptide comprises a 
soluble fragment of HARE. 

45. The purified composition of claim 44, wherein the polypeptide comprises an 
extracellular domain of HARE. 
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46- The purified composition of claim 44, wherein the polypeptide comprises an 
HA-binding domain of HARE. 

47. The purified composition of claim 43, wherein the polypeptide comprises an 
amino acid sequence selected from the group consisting of at least a portion of the 
sequence in accordance with SEQ ID NO: 2 and at least a portion of the sequence 
in accordance with SEQ ID NO:25. 

48. A purified nucleic acid segment comprising a coding region encoding a 
functionally active HARE. 

49. The purified nucleic acid segment of claim 48 wherein such purified nucleic 
acid segment comprises a nucleotide sequence in accordance with at least one of 
SEQ ID N0:1 and SEQ ID N0:24. 

50. A purified nucleic acid segment having a coding region encoding a 
functionally active HARE, wherein the purified nucleic acid segment is capable of 
hybridizing to a nucleotide sequence complementary to at least one of the 
nucleotide sequences of SEQ ID N0:1 and SEQ ID NO:24, 
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51. The purified nucleic acid segment of claim 50 wherein the purified nucleic acid 
segment hybridizes to a nucleotide sequence complementary to at least one of the 
nucleotide sequences of SEQ ID N0:1 and SEQ ID N0:24 under stringent 
hybridization conditions. 

52. The purified nucleic acid segment of claim 50 wherein the purified nucleic acid 
segment hybridizes to a nucleotide sequence complementary to at least one of the 
nucleotide sequences of SEQ ID N0:1 and SEQ ID NO: 24 under relaxed 
hybridization conditions. 

53. A purified nucleic acid segment having a coding region encoding a 
functionally active HARE, wherein the purified nucleic acid segment has 
semiconservative or conservative amino acid codon changes when compared to the 
nucleotide sequence of SEQ ID N0:1. 

54. A purified nucleic acid segment having a coding region encoding a 
functionally active HARE, wherein the purified nucleic acid segment has 
semiconservative or conservative amino acid codon changes when compared to the 
nucleotide sequence of SEQ ID NO:24. 
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55. A recombinant vector selected fronn the group consisting of a plasmid, 
cosmid, phage, or virus vector and wherein the recombinant vector further 
comprises a purified nucleic acid segment having a coding region encoding a 
functionally active HARE. 

56. The recombinant vector of claim 55, wherein the purified nucleic acid 
segment comprises a nucleotide sequence selected from the group consisting of a 
nucleotide sequence in accordance with SEQ ID N0:1 and a nucleotide sequence 
in accordance with SEQ ID NO: 24. 

57. The recombinant vector of claim 56, wherein the plasmid further comprises 
an expression vector. 

58. The recombinant vector of claim 57, wherein the expression vector 
comprises a promoter operafvely linked to the HARE coding region. 

59. A recombinant host cell, comprising a recombinant vector containing a 
nucleic acid segment having a coding region encoding a functionally active HARE 
introduced into a host cell. 



60. The recombinant host cell of claim 59 wherein the host cell comprises a 
eucaryotic cell. 
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61. The recombinant host cell of claim 59, wherein the nucleic acid segment 
comprises a nucleotide sequence selected from the group consisting of a nucleotide 
sequence in accordance with SEQ ID NO: 1 and a nucleotide sequence in accordance 
with SEQ ID NO: 24. 

62. The recombinant host cell of claim 59, wherein the recombinant host cell 
produces a fxjnctionally active HARE which specifically binds and endocytoses at 
least one of HA, chondroitin and chondroitin sulfate. 

63. The recombinant host cell of claim 59, wherein the recombinant vector is 
introduced into the host cell by a method selected from the group consisting of 
transfection, electroporation, transduction and combinations thereof. 

64. The recombinant host cell of claim 59, wherein the purified nucleic acid 
segment is integrated into a chromosome of the recombinant host cell. 

65. A method of producing a functionally active HARE wherein the HARE is able to 
specifically bind at least one of HA, chondroitin and chondroitin sulfate, the method 
comprising the steps of: 

providing a recombinant host cell containing a recombinant DNA segment 
which encodes HARE and is capable of expressing a functionally active 
HARE; 
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cuituring the recombinant host cell under conditions that allow for 
expression of the recombinant DNA segment encoding a functionally 
active HARE, thereby producing functionally active HARE; and 

separating and purifying the functionally active HARE from the recombinant 
host ceil. 



66. A method of producing a peptide which is able to specifically bind at least one 
of HA, chondroitin and chondroitin sulfate, the method comprising the steps of: 

providing a recombinant host cell containing a recombinant DNA segment 

which encodes the peptide; 
cuituring the recombinant host cell under conditions that allow for 

expression of the recombinant DNA segment encoding the peptide, 

thereby producing the peptide; and 
separating and purifying the peptide from the recombinant host cell. 

67. The method of claim 66 wherein the peptide comprises an HA-binding domain 
of HARE. 



68. An isolated nucleic acid sequence encoding functionally active HARE, the 
nucleic acid sequence selected from the group consisting of: 

(a) a nucleic acid sequence in accordance with SEQ ID N0:1; 

(b) a nucleic acid sequence in accordance with SEQ ID NO:24; 
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(c) a nucleic acid sequence complementary to the nucleic add sequence 
in accordance with SEQ ID N0:1; 

(d) a nucleic acid sequence complementar/ to the nucleic acid sequence 
in accordance with SEQ ID NO: 24; 

(e) a nucleic acid sequence which will hybridize to the nucleic acid 
sequence in accordance with SEQ ID NO: 1 or a fragment thereof; 

(f) a nucleic acid sequence which will hybridize to the nucleic acid 
sequence in accordance with SEQ ID NO: 24 or a fragment thereof; 

(g) a nucleic acid sequence which will hybridize to a nucleic acid sequence 
complementar/ to SEQ ID N0:1; 

(h) a nucleic-acid sequence which will hybridize to a nucleic acid sequence 
complementary to SEQ ID NO: 24; 

(i) a nucleic acid sequence which will hybridize to SEQ ID NO: 3, SEQ ID 
N0:4, SEQ ID N0:5 or SEQ ID N0:6; and 

0) nucleic acid sequences which but for the degeneracy of the genetic 
code, or encoding of functionally equivalent amino acids, would 
hybridize to one of the nucleic acid segments defined in (a), (b), (c) or 
(d). 

69, A eucar/otic host cell transformed or transfected with the isolated nucleic 
acid sequence according to claim 53. 
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70. The eucaryotic host cell of claim 69, wherein the isolated nucleic acid sequence 
is integrated into a chromosome of the eucaryotic host cell. 

71. A purified nucleic acid segment according to SEQ ID H0:3 capable of 
hybridizing to SEQ ID N0:1. 

72. A purified nucleic acid segment according to SEQ ID N0:4 capable of 
hybridizing to SEQ ID N0:1. 

73. A purified nucleic acid segment according to SEQ ID NO: 5 capable of 
hybridizing to SEQ ID NO: 24. 

74. A purified nucleic acid segment according to SEQ ID N0:6 capable of 
hybridizing to SEQ ID NO:24. 

75. A method of identifying compounds which inhibit binding of HA to HARE, 
comprising the steps of: 

providing a purified fragment of HARE capable of binding HA; 
forming a first affinity matrix comprising the purified fragment of HARE 
bound to a solid support:; 



132 



wo 01/81544 



PCTAJSOl/13403 



contacting a test compound with the first affinity matrix to form a treated 
affinity matrix; 

contacting HA with the first affinity matrix and contacting HA with the 

treated affinity matrix; and 
determining that the test compound inhibits binding of HA to HARE when HA 

binds to a greater extent to the first affinity matrix than to the treated 

affinity matrix. 

76. The method of claim 75 wherein, in the step of providing a purified fragment 
of HARE, the purified fragment of HARE comprises a soluble fragment of HARE. 

77. The method of claim 75 wherein, in the step of providing a purified fragment 
of HARE, the purified fragment of HARE comprises an extracellular domain of 
HARE. 

78. The method of claim 75 wherein, In the step of providing a purified fragment 
of HARE, the purified fragment of HARE comprises an HA-binding domain of HARE. 

79. A method of identifying compounds which Inhibit binding of at least one of 
chrondroitin and chondroitin sulfate to HARE, comprising the steps of: 



133 



wo 01781544 



PCT/USOl/13403 



providing a purified fragment of HARE capable of binding at least one of 

chondroitin and chondroitin sulfate; 
fomning a first affinity matrix connprising the purified fragment of HARE 

bound to a solid support; 
contacting a test compound with the first affinity matrix to form a treated 

affinity matrix; 

contacting at least one of chondroitin and chondroitin sulfate with the first 
affinity matrix and contacting at least one of chondroitin and 
chondroitin sulfate with the treated affinity matrix; and 

determining that the test compound inhibits binding of at least one of 
chondroitin and chondroitin sulfate to HARE when at least one of 
chondroitin and chondroitin sulfate binds to a greater extent to the 
first affinity matrix than to the treated affinity matrix. 

80. The method of claim 79 wherein, in the step of providing a purified fragment 
of HARE, the purified fragment of HARE comprises a soluble fragment of HARE, 

81. The method of claim 79 wherein, in the step of providing a purified fragment 
of HARE, the purified fragment of HARE comprises an extracellular domain of 
HARE. 
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82. The method of claim 79 wherein, in the step of providing a purified fragment 
of HARE, the purified fragment of HARE comprises an HA-bindIng domain of HARE. 

83. A method of treating a liquid solution containing at least one of HA, 
chondroitin and chondroitin sulfate, comprising the steps of: 

providing an affinity matrix comprising a functionally active fragment of 

HARE bound to a solid support; and 
exposing a quantity of the liquid solution to the affinity matrix wherein at 

least one of HA, chondroitin and chondroitin sulfate contained in the 

liquid solution is removed therefrom. 

84. The method of claim 83 wherein the liquid solution is blood or plasma. 

85. The method of claim 83 wherein, in the step of providing an affinity matrix, 
the functionally active fragment of HARE comprises a soluble fragment of HARE. 

86. The method of claim 83 wherein, in the step of providing an affinity matrix, 
the functionally active fragment of HARE comprises an extracellular domain of 
HARE. 
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87. The method of claim 83 wherein, in the step of providing an afRnity matrix, 
the funcbonaily active fragment of HARE comprises an HA-binding domain of 
HARE. 
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88. An antibody that binds to an epitope of HARE. 

89. An antibody that binds to an epitope of HARE and optionally inhibits the 
binding of at least one of HA, chondroitin and chondroitin sulfate to HARE. 

90. A monoclonal antibody that binds to an epitope of a HARE and optionally 
inhibits the binding of at least one of HA, chondroitin and chondroitin sulfate to the 
HARE. 

91. A method of making an antibody, comprising immunizing an animal with an 
immunogenic fragment of HARE. 

92. A method of making a monoclonal antibody, comprising: 

optionally immunizing an animal with an immunogenic fragment of HARE to 

form a monoclonal antibody; and 
optionally removing portions of the monoclonal antibody which may be 

antigenic in an animal and substituting like portions of an antibody 

therefor. 
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93. A method of making an antibody, comprising the steps of: 

optionally identifying an hybridoma cell that produces a monoclonal antibody 

specific for HARE; and 
optionally culturing the hybridoma cell under conditions that permit 

production of the monoclonal antibody. 

94. A method of purif/ing a functionally active HARE wherein the HARE, is 
optionally able to bind at least one of HA, chondroitin and chondroitin sulfate, 
comprising the steps of: 

optionally providing a biological sample containing HARE; 

optionally providing an affinity matrix comprising an antibody that binds to 

an epitope of HARE and a support to which the antibody is bound; 
optionally contacting the biological sample with the affinity matrix such that 

HARE in the biological sample binds to the antibody of the affinity 

matrix; 

optionally separating the HARE bound to the antibody of the affinity matrix 

» 

from the remainder of the biological sample; and 
optionally releasing the HARE from the antibody of the affinity matrix. 
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95. A purified HARE comprising a polypeptide wfiich is able to bind at least one of 
HA, chondroitin and chondroitin sulfate. 

96. A purified HARE comprising a protein leaving a molecular weight in a range of 
from about 175 kDa to about 190 kDa which is able to bind at least one of HA, 
chondroitin and chondroitin sulfate. 

97. A purified HARE comprising a protein having a molecular weight in a range of 
from about 300 kDa to about 315 kDa which is able to bind at least one of HA, 
chondroitin and chondroitin sulfate, the protein optionally comprising at least two 
disulfide-bonded subunits. 

98. A purified HARE, comprising: 

a protein which is able to bind at least one of HA, chondroitin and 
chondroitin sulfate, the protein optionally being recognized by at least 
one of the monoclonal antibodies mAb-28, mAb-30, mAb-54, mAb- 
154, mAb-159, mAb-174, mAb-235, mAb-467, or a monoclonal 
antibody which demonstrates an immunological binding characteristic 
of such monoclonal antibodies. 

99. A purified HARE, comprising: 
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a protein which is able to bind at least one of HA, chdndroitin and 
chondroitin sulfate, the protein optionally comprising a sequence in 
accordance with SEQ ID NO: 2. 

100. A purified HARE, comprising: 

a protein which is able to specifically bind at least one of HA, chondroitin and 
chondroitin sulfate, the protein optionally having at least 40% 
sequence identity to SEQ ID NO: 2. 

101. A purified HARE, comprising: 

a protein which is able to specifically bind at least one of HA, chondroitin and 
chondroitin sulfate, the protein optionally comprising a sequence in 
accordance with SEQ ID NO:25. 

102. A purified HARE, comprising: 

a protein which is able to specifically bind at least one of HA, chondroitin and 
chondroitin sulfate, the protein optionally having at least 40% identity 
to SEQ ID NO: 25. 

103. A purified HARE fragment, comprising: 
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a peptide which is able to bind at least one of HA, chondroitin and 
chondroitin sulfate, the peptide optionally being recognized by at least 
one of the monoclonal antibodies nnAb-28, mAb-30, mAb-54, mAb- 
154, mAb-159, mAb-174, mAb-235, mAb-467, or a monoclonal 
antibody which demonstrates an immunological binding characteristic 
of such monoclonal antibodies. 

104. A purified HARE fragment, comprising: 

a peptide which is able to specifically bind at least one of HA, chondroitin 
and chondroitin sulfate, the peptide optionally comprising a sequence 
in accordance with at least a portion of one of SEQ ID NO: 2 and SEQ 
ID NO:25. 

105. A purified composition, wherein the purified composition comprises a HARE 
polypeptide. 

106. A purified composition, wherein the purified composition comprises a HARE 
polypeptide, wherein the functionally active HARE polypeptide optionally has an 
amino acid sequence selected from the group consisting of an amino acid sequence 
in accordance with SEQ ID N0:2 and an amino add sequence in accordance with 
SEQ ID NO:25. 
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107. A purified composition, comprising a polypeptide, wherein the polypeptide 
is a fragment of a HARE, the polypeptide optionally being able to bind at least one 
of HA, chondroitin and chondroitin sulfate. 

108. A purified nucleic acid segment comprising a coding region encoding a HARE. 

109. A purified nucleic acid segment having a coding region encoding a HARE, 
wherein the purified nucleic acid segment is optionally capable of hybridizing to a 
nucleotide sequence complementary to at least one of the nucleotide sequences 
of SEQ ID NO:l and SEQ ID NO:24. 

110. A purified nucleic acid segment having a coding region encoding a HARE, 
wherein the purified nucleic acid segment optionally has semiconservative or 
conservative amino acid codon changes when compared to the nucleotide 
sequence of SEQ ID NO: 1. 

111. A purified nucleic acid segment having a coding region encoding a HARE, 
wherein the purified nucleic acid segment optionally has semiconservative or 
conservative amino acid codon changes when compared to the nucleotide 
sequence of SEQ ID NO:24. 
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112. A recombinant vectorselected from the group consisting of a plasmid, cosmid, 
phage, or virus vector and wherein the recombinant vector further comprises a 
purified nucleic acid segment having a coding region encoding a HARE. 

113. A recombinant host cell, comprising a recombinant vector containing a nucleic 
add segment having a coding region encoding a HARE introduced into a host cell. 

114. A method of producing a HARE wherein the HARE is able to bind at least one 
of HA, chondroitin and chondroitin sulfate, the method comprising the steps of: 

optionally providing a recombinant host cell containing a recombinant DNA 
segment which encodes HARE and is capable of expressing the HARE; 

optionally culturing the recombinant host cell under conditions that allow for 
expression of the recombinant DNA segment encoding the HARE, 
thereby producing HARE; and 

optionally separating and purifying the HARE from the recombinant host cell. 

115. A method of producing a peptide which is able to bind at least one of HA, 
chondroitin and chondroitin sulfate, the method comprising the steps of: 

optionally providing a recombinant host cell containing a recombinant DNA 
segment which encodes the peptide; 
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optionally culturing the recombinant host cell under conditions that allow for 
expression of the recombinant DNA segment encoding the peptide, 
thereby producing the peptide; and 

optionally separating and purifying the peptide from the recombinant host 

cell. 

116. An isolated nucleic acid sequence encoding HARE, wherein the nucleic acid 
sequence is selected from the group consisting of: 

(a) a nucleic acid sequence in accordance with SEQ ID NO:l; 

(b) a nucleic acid sequence in accordance with SEQ ID NO: 24; 

(c) a nucleic acid sequence complementary to the nucleic acid sequence in 
accordance with SEQ ID N0:1; 

(d) a nucleic acid sequence complementary to the nucleic acid sequence in 
accordance with SEQ ID NO: 24; 

(e) a nucleic acid sequence which will hybridize to the nucleic acid 
sequence in accordance with SEQ ID N0:1 or a fragment thereof; 

(f) a nucleic acid sequence which will hybridize to the nucleic acid 
sequence in accordance with SEQ ID NO: 24 or a fragment thereof; 

(g) a nucleic acid sequence which will hybridize to a nucleic acid sequence 
complementary to SEQ ID N0:1; 

■ (h) a nucleic acid sequence which will hybridize to a nucleic acid sequence 
complementary to SEQ ID N0:24; 
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(i) a nucleic acid sequence which will hybridize to SEQ ID N0:3, SEQ ID 

NO'A, SEQ ID N0:5 or SEQ ID N0:6; and 
(j) nucleic acid sequences which but for the degeneracy of the genetic 

code, or encoding of functionally equivalent amino acldSr would 

hybridize to one of the nucleic acid segments defined in (a), (b), (c) or 

(d). 

117. A purified nucleic acid segment according to SEQ ID NO: 3 optionally capable 
of hybridizing to SEQ ID N0:1. 

118. A purified nucleic acid segment according to SEQ ID NO: 4 optionally capable 
of hybridizing to SEQ ID N0:1. 

119. A purified nucleic acid segment according to SEQ ID NO: 5 optionally capable 
of hybridizing to SEQ ID NO: 24. 

120. A purified nucleic acid segment according to SEQ ID N0:6 optionally capable 
of hybridizing to SEQ ID NO: 24. 

121. A method of identifying compounds which inhibit binding of HA to HARE, 
comprising the steps of: 

optionally providing a purified fragment of HARE capable of binding HA; 

145 



wo 01/81544 



PCTAJSOl/13403 



optionally forming a first affinity matrix comprising the purified fragment of 

HARE bound to a support; 
optionally contacting a test compound with the first affinity matrix to form 

a treated affinity matrix; 
optionally contacting HA with the first affinity matrix and contacting HA with 

the treated affinity matrix; and 
optionally determining that the test compound inhibits binding of HA to 

HARE when HA binds to a greater extent to the first afilnity matrix 

than to the treated affinity matrix. 

122. A method of identifying compounds which inhibit binding of at least one of 
chrondroitin and chondroitin sulfate to HARE, comprising the steps of: 

optionally providing a fragment of HARE capable of binding at least one of 

chondroitin and chondroitin sulfate; 
optionally forming a first affinity matrix comprising the fragment of HARE 

bound to a support; 
optionally contacting a test compound with the first affinity matrix to form 

a treated affinity matrix; 
optionally contacting at least one of chondroitin and chondroitin sulfate with 

the first affinity matrix and contacting at least one of chondroitin and 

chondroitin sulfate with the treated affinity matrix; and 
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optionally determining that the test compound inhibits binding of at least 
one of chondroitin and chondroitin sulfate to HARE when at least one 
of chondroitin and chondroitin sulfate binds to a greater extent to the 
first affinity matrix than to the treated affinity matrix. 

123. A method of treating a solution containing at least one of HA, chondroitin and 
chondroitin sulfate, comprising the steps of: 

optionally providing an affinity matrix comprising a fragment of HARE bound 
to a support; and 

optionally exposing a quantity of the solution to the affinity matrix wherein 
at least one of HA, chondroitin and chondroitin sulfate contained in the 
solution is removed therefrom. 
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Figure 3 
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Figure 4 
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Figure 8A 
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Figure 11 



Antibody Inhibition of HA 
Endocytosis by HARE in LECs 
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Figure 12 

Antibody Inhibition of HA Binding to HARE 
on LECs is Temperature Dependent 
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Figure 18 
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Figure 19 
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Figure 21 



1 TCTTraCCAJtfnCTACTCflCCCEntlTKiAKaU^^ 

1 S It ? S h Z^TaLSQMPDYS I FRGYI IHYNiASAI SSADAYTVP 

41VPHS3AIBHyiRBKKATQLXE PILaYHVVLQgK Ii I* K K D li H 

M D QLYVWBAPI B Y T H V AT D K 
361 GGAGTOATCCaVTGSimtSGaGAAAGTrCTGGA^ 

121 G V I a a L B C V L S r Q K HRCDNKDTI IVRSB CGKCSQQAPC?!. 
481 (aGACAAAACCRCrnGAQWacmOGAAATCKSUX^ 

161 ETKPUaETRKCIYSIYFMGKRSVFJGCQPQCVRTtlTaAC 
601 TGGCraStrrrCTITGGCCCaCSATGCCAAGCCTGrc 

201 WLASLAHSAKPAPGBVCNCAZiGTASVNOGVHOTGTCQCGL 
731 GGCTTCJUl'MGSlCAIKXrrCSTGAAACCTXy^^ 

341GFirarACBTCTaOKYGIHCDQACSCVHGRCaOGPLGDG3C 
841 GACIGTCACGTOGGCTGCCGAGGAGTCRAGTGT^^ 

281DCDVGtfaGVICCDMBITTDNCHGTCHr3A»(?I.I,DP D GlCA S C 
961 AAATGTGCGGCRGGATTCCGMSGGAATCGAACGCrTCTO 

321 KCAAGPRGMOTVCTAIIIACBTSKGGCg'rKADCKRTTPQaH 
Oai Git i lgiX S lXilGa^^GGCflGGromVCCGGCGAaSG^^ 

3fil VCVCCAGYTGDGIVCLBIUPCLSUHGGCDEtlABC^OTGPN 

301 CAGGCa y rL'JG'i'AAL'itXr n tJ C CGAAGTfcCACrGGASA 

401 QAVCUCLPKYTGDGKVCSLINVCLTNWGGCS PPAPC 

321 CMiOXPCMiMSCS^STk^^ 

441 QDQRrCTCKPDY'TGOGIVCRGSrrGSLPK»P3T3QYPPQIi 
441 OiGGAECATGCTGTCaSAGIWKZTTGaXSaiCCT^^ 

481 Q E H A V R B LAGPGPPTVPAPLSSSFMHBPR ISDWDQQGLMS 
561 CAGGriCTTCGCTA5X».CGTGGTGGGCTCCCAGCRGC^ 

S21QVLRYHVVaCQQLIiI.DHLKVTT3ATTtiQGS PVS ISV3QDT 
Sai GTCnTCATAAflCAATGAGGOGftAGGTCCTGTCCRGTGACATCAT^ 

56iVPINHBAi:VLSSDIISTNGVIHVIDKLLSPKNLLITPKDA 
801 TTGGGOWKMJIlCTGCAAAATCnrrACTACAaTGGC^ 

601 L G R VLQHLTTVAANHGYTK FSKLIODSGIiLSVITDfi THTP 
©CCTAOSGACAAAGCCS^TGGEaAGCCinTSCCCCCAGAGauSC^^ 

■ P T D K A LBALPPSQQDFLPHQDHg DKLKSYLK7HVI 
041 CGAGACTCCAAGaCTTTAGCTTCAGACCTCCCCWSGTCTGCE^ 

eaiaDSKALASDLP-RSASWKTLQGSRLSVaCGTGSDIGBLPLN 
161 GAACAAATGTGOUSATTCaTACACCGQGGACrrcrrG^^ 

721 BQMCRFIHROLLFDVGVAYGIDCIjLMSPTLGGRCDTFTTP 
281 G&TRTTmSGGGSAGTGCQGAAGTTGCATririaiCT^ 

761DIPG5CGSCIPTPKCPI.KSKPKGVEKICCIYHPLPPRRHVB 
401 GGCTGCCAGAAa:TGTGCftCCS3TGGTGATC(:aUU^ 

801GCQKr,CTVVIQTPRCCHGYFM PDCQACPQGPDTPCNiIRGM 
321 TGCCGCGATCTCTACACftCCCATGGGACAGTGCCTArGCCaCACCGG 

841 CROLYTPMGQ CLCHTGPEfGTACSLCWfiGRFGPD CQPRSCS 

641 GAGCATGGACAGTGTGAlGAGGGGATCACAGGCirCG GG GAlj'i^^^ 

881 BHGQCDBGITGSGBCLCETGUTAAS CD 

761 TCCGTGCJUIlGCCaCCTOrACGGAGAACAACAOGTCTaTOTGT 

SaiSVHATCTBHWTCVCHLSYBGDGlTCTVVDFCKQWllGGCAK 
881 GTCGCTAAGTGCTCCauaAAaSCACCCAAGTCirTTCCflG^^ 

961 VAECSQKGTQVSCSCKCGYKGDGYS C t EX □P(?AOCVUGGC 
001 CAIGAGCaCGCCACCTGCAQGATGACCSGGCCCftQGCM^GCATAAGTG^ 

OOlHEHATCRHTGPQKHKCBCKSHYVGDOVDCBPBQIiPLDRCL 
121 CAGGACAACGGACWSTGCCACCCRGATGCCaGCTGTGCAGACCTCT 

041QDKGQCHPOASCADLYFQDTTVGVPSLRS P L G Q Y K L T ? D K 
241 GCCAAAGAAlXCIGTGCCAAAGAAGCTGCGACCftTAGCCACCTACA^ 

081AKBACAKGAATIATYHQLSYAQXAKYSLC3AGWI.ESGRVA 

361 TaCCCGACTACGTArGCCTCTCAGAAGTGTGaTGCAAAO 
121 YPTTYASQIt CO 

481 AKCV3CACClXXRkGGaiGSCrATGV3GGA<^^ 

leiUCTCKAGYVGDGPSCSGNLLQVLMSPPSLTHFLTEVLAPS 
601 AAOAargCAGCCCGAGGAGAGGCA lTi ' l ' lta AACg^CrrGACTGA 

201 KSSAR0QAFi.KHiTDL6IRGTJ/FVPQHSGL?GMK3ItSGaD 
721 ATTGAGOlCCACCTCACTAATGTCAACGTtrrCCITITACAAT^^ 

341 I3aHLTNV»7SFYNDL7traTFI.RTMLGSQLLI TFSQOQLH 
841 CRftGAG&CCfl UJ l-ilXJ':x ; GATGGm^TCCar i X: A ^XAGTGGGAC^^ 

381QSTRFVOGRSILQWOZXAAHGILBIISSPLRAPPTAATAA 
961 CaCIgna;CCTGGGGACAGGTATATTCTGTGCCGTCGTC C I G GT^ 

321 a S 0 I, OTaiFCAVVLVTBAIALAA ' T'lff-V y-R' U K Q R T T G y~n" 9- "Pi D 
081 CAGAAGAGGACATTGATGTCTTGSt?a=gCGGCAflGa^ 

361QXRTLMS5I i l} ASSSPRZSQTLCKaPQRRHPQSPPVTPSQT 

201 CIGGA(3AACAG3ATCTGQAQGAClLGCGAaXrPCTOG^ 

401 LSHRXWRTATLWQHCGPDMRSQQATTVTVPR* 

321 ATCJUfriym'rAA&Gyat^^ 

561 CGSGGCfrCACXri'CIVAJGTTCTGTATTOCAGTACC^^ 
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Figure 22 
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Figure 25 
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Figure 27A 
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Figure 27B 



Degradation of internalized H[A by transfected 
SK-Hepl cell lines expressing the 175-kDa HARE 
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Figure 27C 



Hyperosmolarity inhibits HA endocytosis 
mediated by HARE in transfected SK-Hepl cells 
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Figure 27D 

Specific monoclonal antibodies against HARE 

inhibit HA endocytosis in SK-Hepl 
transfectants expressing the 175-kDa HARE 
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Figure 28 
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I - — SLPg IttiTRiatSOD TTSryaGyilH YSIASAIESA DAJfTVFVPNH EAISSTiaSX. tJCtSlJUJJUl, HYHVVI£Eq3 LKHDLfDOfi JEfflKIteSni 

1111 miLSCVLItP PRGirVPGCKSQ TJiOQTJytiVpf^ PSLTEELLCP aGl^raQIEAH/ TMTIPVPTH HSLEA— CG SSSHUlftiyrV RHHWLGEWi SKSTEASCai RNSLLGSAHB 
754 IHTLSQVLLP PSGDVPGDQG UJOQIilLV-Jl FSLFKELLCH HGW/PQIERA TJOfTIFVEflH HSIjB^ QG HSSHIflADJIV EHHVTICaii SlCniJlKCCa RNSLLGEAHa 

SB LAF?1*RKXJI» Tt^HSRPIHTr SVTOTKCTia .CI£KVLBIOX NSl 
1218 IVPnaHfiQQP s'viffiVPLDGP MLBMCTSLI CISGVLWSS S2! 
BSl IVramSQQ? BVjmVPI^GP MIBAPGSSLI jGLBGWaVGS 

204 SIABHAKSiCe QEVK-HB&LS TSSVfiDGVttG 
I " -W HLPGHS—IXJ 




1034 FFGTLCEPO) CCLGCygS^ BCQOCPSELG SGEl 
967 FF3TLCEPCP (KiL03V§S-d SGQCQCEFM SGE| 



iBG? HgTAl^S VgEL GHVCI^KGy I 



rwfvQ 




t 'GS'rXGSLPKEl TSTBOTrFFQL OfeSWRSLMS — LSSSJTfflg PRlKljmOQ& UtStymtYHy 
I ffilYQSLPKH PKTSQYFPQli QEKFVKnLVG PGPFTVFA&- — LSAflFDEB ARVKDWCKTO IWPQVUKHV 
t 'GSrXQSLPKH ?KrSQWFQI^ CPffiVKDIiTO MPFTVTA^ ARVTOTOCfG ■IJ*PQ'/LRYH¥ 



. KIVfflXmrER ARVGLELLRD KHAB— FPSL ttUiEYKKTiKn OGPFTIEVPH ADIKSEILSQD EIAEIRAfO^J ti VFRnW 

i KlV(3X2.Tgi AaVGI£L^tHD IHRS— 'PFSU KLLBYKSLRG DGPFTT.^'PH AQliffiMLSQID KIASIRAHBQ l—yFHYHW. 

(QLLTDK LKVTTSArm iJGBPVBISVS tpTymafEK ^K7,l£SDIIST NGVIHVIDKL _LSPKNLi:»ITP KnALGffVLQH LfPfltAfl^ TKFSia.IOnS, .GLLSVITDSl 
fpTiLIfiri LKLlSHATSli OGSP'lVlSVS QSTVYlHarot 'ki'iSSDIICT HGIVBUDKL IfiPKHlirrP! SBKSGaHjQH LTTtAIIIINGy IKFSKWODfl GLLSVITDPI 
fQLLLa( IiKUSHATSL QGSPiVISVS j^^TVrUHjbi SriSSDIIST HGIVHI'IDKri LSPKHLLITP KMStSmjOUj LTnATKWTf ICTatCIQDS GUfiVTIDEii 
QltLLEN LKHSNATSd pGSp'lVISVS QBrvniCIKA laiSEDIIGT HGIVHl:IDiCL LSPKNLLITP HSSSGaTLQil LTTCAONHaX IKPSNLIQUfl )3tLiSVriDPI 
IiliOGY'Aaaii 'sGHPIHPSBR HGSITUBJPK HWSSmiEAV HGimPHDSy liPPEALffifK PDDAPrpaiW \rrAAAOGCGy KIFSELLEVa GLLFLLBEBS 
I LiLBOOTAXAC SGHP'mFSER EGSrYlNDSA KV^viESDHEAV HCILHPJDIW -XiPPEALttWE PDOAPtPRKI VrAAfiQGPST JCIFSGLLBWA jSU^PLtltEaS 



638 HTPVTVFtfPT DXAIS^PPS QQOPIiFNQDN KDKLKSYI-CP HVIEDSKJOA SDIiPRSASWlt TLQCSELSVR 
415 HTPVTLFTIPT; DOUflTOiPAB QQDFLFHQCN KmUCHTLXE HTIHUWCVLfl 'vOL^TRMK -TLQGSELSyx 
328 ttTPVTLFHPT DQU«AS.PAB QQDFLFWQD» KDICiimfXJCB HVIRWUCVIA VDLPTSTAKK TtjQGSSLSVK 
120 ITTPVTLEWPT; DQALKALPftE SqDFLFKQDN KDKLKKIiXP H^TLSnAKVLBl VDI^TftHK 'TmGSEUSyK 
nsa HRPTOGiWPT DftJ^PHALPPD HQAWLmOH TOXLAAIUIG mTHNVBAIA SULCWLGPLR TMHCTPISPS 
1401 HEEPTKLHPT ORiiFRJUiPFD RQAKUfEEDH aDKIAAHiaC 'hHISNVEALS ^SDLEWIGPUl 'tKKGTPISFS 
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lESa AaVFKL0A,T3 OPVGUIPSSA SfAS 
lEKR AGVFHLQATS GI^yGUIPSE;^ EAAg 



AT lAntNQLaiCK Ql 
AT taTVSQLSTO: 'Q1 

at; MA-ratQLS-CT: 'qi 

IQAV lASPEQbaftA QQIGFHI 
AV lASPPQLSAA OQLGF^J 




Gfr^TGaVRY PTAFRECjH 

OilANQSWH il^WPPVAD 
GfliUlGeTAH PWFPVAD 



ANVVOIVDYG SaAHXaEHHD 
SGWGIVDTO PRKIKSKMMD 
SGVVGIVDYG PRPNKSEMWD J\ 
SGVVGIVDYCi PRKIKSSarwD 

saKtfGyvsui aeumisebko 

NGSMCIVSIiG ARXNL5SRK0 X 




GFS-gSGEIUj QfVUtSFPSIiT NPbTEVIAFIS KSSARiaAnl mOTLSIRG TLFVPOHSGC PGNKSLSGUP .lEHHLTOVNV SETEEDLVSGT FliKmLGSOli 
0F3-HSS)Hi QVU^SPPaiT NFLTBVIAVa rOSARORAFlj SmOTLSIHO TLFVPQS3QI*' GEKBTLSQRD lEHHLANVSM PPSKaVHGi; TWfrjUCSKL 

'---'-^SW3LF QQLSSREiCIS J r.l-- -TPDDLSIRG JSjFV^W^ GQIETIiSGRD 'lEHHliaiVai PFYHDIiVHffl] TIjqraiJGSXIl 

GFS-EsiSHIili QVmiaFPSLT HPLT'BVIA-yS IIsaAaGRAPL BHLmLSIM TI.FVPQSSGL' OOSTLSGRD lEHHLANVSN PFVKDLVNOT TWHiySSiaf 
rGKLD EJVMRTAKFS' TPyGCIGTA' NATOitGLDni OSUXlSLmL TtPVPVNECy VDlMTLSGro *I£IJaSNm. LSAH-ASQGK liPAHSCnisIl 
tCKLD SWiRTAMFB l^GHIICIA K&TCRGI*riFi; DELCbBUyi TLPVIJWBBBP ViaMXLfiGPb ISiiaEMATL LfiAH-ASQQlC UjPAHSGML 

1371 LITFS <S) QiaQ-BraPV DGRSILQHIil lAAHGILHI-I- SSPIitAPPrA ATA---AH9a IZJEGIPtaW LVTCAIJt- -U 

1047 LltAS---^ PLQPTSTRFW; OCSWlWIMttl FASHGIHWI SB.PLICAPPAP VTL- — THIG LGfljGIFFAlI LVTGKI/A- -ll 
924 LltAS- - -iQD PDQPTSiary 'DGBAILQWOi FRiSHGIIHVI '3IlPiaa.PPAP V^TL- — THia tGAGIFPMl LVTG»/X--L' 
752 i.I'ERS---!c3p' pitoPTBTRFV bGRaiWJMDl raSsWSIIHVI SR^PLKAPEAP THTB ICAGIFFWI IiVTGAyX--ii 

241ff irsnAGFDHS SWAPVAPAtu; WSRXrvHDI AS'pUAPPaP QAVIAPEAPP VaAGV--<a.y. UUGALI/n-V 

2059 irSDAGTOKS SHAPVAPCTy VVBK^rrVHOI W^raniHAL ASraiAPPOP -AVIAPEAPP VARCV— 6AV, lAMALUaW 

1370 LASSS^-RIS QTltoaPQER HPQSPPVTP'S QrTLSEIBIHKT ATUfGICGPD KRSQOATTVT VPR 

1147 liCSCOO^pSIS SPLY-^'tTS AEPEPSTCPjp TOSEEa-r - — —-OLBGIDP LSIL 

1024 ISDQQSIKNIS KPLY-B5TTS APP&PSIDPF TO8EER— -pMOIDP LRU 

QS2 LGKOQPENIS SPl^Y-ESTTS AP^PEPSSDPV US EES — — QLSGSmP LHTL 

2S24 'SVWySXmi- PTLVSVPSPV POSETTFCEPP OD--— ' SliSBDPSO TQRILTVK— 

2I6g 3PWQ-EGIM- PTLVSV-EWPV reSDTFXSPF DO- SliEEDFID TQJIILTVK- 
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Figure 29 
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Figure 3 0 
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Figure 31 
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Figure 3 2 
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Figure 33 



1 ATrCaXTATAATCTOGCGAATGCSUTrGftCrecrKXXmTGCCTACft 

XlQy»LASAI3AADAYtVPAPHSNAISSYIRBKSVLSLB3D 

X2l GTCCTCCfflTATCATGTGGTCCTOSMKaGAAACTCCTGAA^ 
4lViH ravvasSKhtiKSDLaiTGliaitBTHLGFS YF£,SPFhHHO 



341 CMCTC7A7tmAATCACGCTCCaA?AMCTACaCCaATG27^^ 77GATCCATGGCTrGGCAAAip7TCrC1XAAXT7CACA^ MCAOATCTCa fAASiATOACaCT 



BlQItYVSSAPI NTT B V A T 



fAAarcTi 



t Q h O k I V ^ S X 



H R C O S N 



361 ACTAmTAaiAGGAAGATGTflGGACATGCTCCrPO*fiAflC^flAd<!W^ 



S L T C P F_ G 7 X \ 3LGNSKRRCIYT3YPtiaK R 



121 TIiaGa C R T C 3 S 
481 ACCCTGTrTAyTGGGTGCCMXCAAAATOTQTtgkfflVA^ 

isi ri>Frac(?p«cPRrvirjiJCCAcy/'GP(? cqpcpgsaqi/vcf 

SOI (KSTAATGGCATCTCTTTGQATGGAGTGAATGGftcAGC^^ 

aOl G W C I C L D G y *H G T GVCBCOSGPSGtACETCTEQltYOiaCDQ 
721 GCATGTTCTTGTCTCCaTGGGAEATGCAACCAAGGACCCTrGGGAGATGGCTC 

241 ACS CVHQR CSQGPLGDGSCDC DVGHRGVH CD HAT T B D H C W 
841 GGGACATCCCATACCAGCKCCAACTGCCTCACCAACTCAGATGGTACAGCTTCATCCAAff 

2fli O T CHTSAB CI.THSDOTASCKCAAOP0O » Q_ T ICTAIBACBI 
9S 1 AGCAATGGAecnTGCTCTGCCAAGGCTGACTGTAAGAGAACCyvCOCCAHSAAI^^ 

321SaGGC SAKADC KRTTPGRUVCTCKAOYTG.DGIVGLBIUPC 

108 1 TTCGAGAACCArGCTG£OTGTGACAAGAArGOtKaGT«CACaCAG^ 
iSlLBHHQGCOSHfcBCTQTQPHQAACSCLPAYTGDQKV CTLIN 

1201 GTCnaCTTAACTAAAAATGGCGGCnXJTAGTGAATTTOCCATCTGCaA^ 

401VCLTKNGOC3EPAI C H H T GOVBRT CTCtPHYIGDGPTC a|_Gjl 
1321 jAGCA'rTTATCAGGAGqrecCCAA{^CCCGAAAAC^ 



1 aAGbvTTTATCWSGAGCTT 

x jS rYagLgJCj jf FtTSQTFPQUQSHFV K f D t. V G P G P F T V P A P 



rAAAGRCTGGGACAAaK^rogm'.^^ 



rIv K D H D KiY G lI H P Q V L R T UVVACHgLLLSHLICL 



1561 TCAAATGCTACTTCCCTCCAAGGAGAGCCAATAGTCATCTCCGTCTCrCAGAGCACGGTGTATATAAA^ 
521 S WAT SLOGSPIVISVSQSTVYIHNKAKIISSDIISTNGIV 

Ifiai CaTATC»TAGACAAATTCOTATCTCCCAAAAATrrGCTTATCACTC(K3UUl^ 
SSlHIlDKLIiBPKSLLITPKDHeGBILQ M L T TLATHHOyiKPS 

laoi AACTTAATACAGaACTCAGGmGCTGAGTGTCATCACCGATCCCATCCACACCCCAGTCWITC^^ 
601N&IQOSGl.LSVITDPiaTPVri,FWPTD(IALHALPAEQaDF 



1921 CTGTTCAACCaAGAC3U^CAAGG^CAAGCTOAAaGAGTATTTGAAdnTC^^ 
641 L FN Q D SKD tLtS TL X|PHV I rJd AKV l^AV D L P T S T AH ICIT UQG! 



3041 ;TCAfiAGCTGAGTGTGAA;*TGrrGGAGCTGGCAGGGACATCG(nKaCCTCrrTCTGAATGG(X^^ 
€31*5 S L SVKiCSAGRD IGDLFLSGQTCR IVQ RBLLPDLGVAYGI 



Za 8 1 pOtGtGTGTGAAGCAGAAGTGTCTCTACAACCJTGCCCTTCAAGAGGAACC^^ 
761 j X J GVICQKCLYNLPPKHMIiEG CRBRCSiVIQ I PRCCKiGYPGRi 

2401 GACTGTCA6GCCTGCCCTGGAGGACCAGATGCCCCGTGTAATAACCGGGGTGTCTG CCTTGATCAGTACTCGGCCACCGGAGAGTGTAAATGCAACACCGGCTTCAATGGGACGG CGTGT 
801DCQACPGGPDAPCHHHGVCLDQYSATQECKGHTGP tl G T A C 

2S2 1 GAGATGTGCPGGCCGGGGAGATTTXSaaCtn^JATIGTCWKrCCT^^ 
841 BMCMPaRFOPSCXiPCOeSDHOOCSDOITGaGQCXtCSTOWT 

2 64 1 GGCCCCrreTGTGACACTCAGGCaGTTTTGCCTGCflGTGTGrAroCCTCCTTGTTCTCC^ 

SaiGPS CDTQAVLPAVCTPPCSAHATCKE M IT T CE CWI.DYBGDG 

27 6 1 ATCACAWCACAGTroTGGATrTCTQCAAAClAOaACAACaGGGatnaTQCAAAaGTGaCCAGA^ 
921 ITCTVVDPCKQDSGGCAKVARCSQKOTKVSCSCQKGYKGO 

288 1 GGGCACAGCTGCACJWaGATAGATCCCrrGTGCaGACGGCCTTAACGGAGGGTlG^ □AGCACGCCACCTGTAAGATGA(3^GQCCCGGGCAAGCACAAGrGTQAQTGTAAAAGTCACTA'r 
961 GHS CTBIDP CAO0t.NGGCHBHATCKMTGPQItHKCBCKSHY 

3001 GTCOGAGATGGOCTGAACTQTQAGCCGGAGCAOCrrGCCCATTQACCGCnWrrTACAGGAOiA 

1001 VGDQIitrCBffSQLPIDRCnQOaGQCHADAKCVOLaPQDTVV 

Aa;iff5cccACT5GoccAc^;T33^^ 

I a} } S P h GO Y X L TP 0 K f A BiBACANBAATMATYNOLSYAQ 
324 1 AAGGCCAAGTACCACCTGTCCTa^CAGOTM 

1081 KAKYHLCSAGnLBTGRVAYPTAFASQNCGSGVVGXVDYGP 
3361 AGACCCAACAAGAGTGSWATGIGGCATGTCTTCTGCTATCGGATGAAAGATGTGAACTGCACCTGCAA^ 

U31 B P N K S BMMDVFCYRHKDV H C T CKVGYVff&GPSCSGWLLQV 



3481 CTOATQTCCTTCCCCTCACrrCACAAACTTCCTGACGGAACTGCTGGCCTArrCCUU^ GGCACCCTC 
USl LHSFPSLTBFLTBVI.AYS»SSAaQaAFI.2HLTDLSI-^"- 



? V P Q M 3 G L G a 



3601 TTTGTQCCACAGAACAQTGaGCTGGGGGAC AATGAGACCrrGrtrrOGGCGaGACATCGAGCaCCACCTCaCCAATGTaWJCATGrm^ 



LSGRDIBHaiA MVS MPFYHDLV N G T T t, 
3721 CAAACQAGGCTGGQJUWCAAGCTGCTCAT(aiCTQCCAGCCAGGACCCACTCCMCCGAC^^ 

1341 QTRLGSICLLITASODPLOt^TSTRPVOGRAlLgWDIFASNQ 
3841 ATCATTCftTGTCATTTaaGGCCrrrrAAAAGCACCCCCTGCCCCarrGACCTT^ 

1281 IIKVISRPLtAPPAPVTIiTHTGLOAGIFFAIliVTGAVAL 
39SI GCTGCTTACTCCTACrrrCGGATAAACCGGAjGAACMTCGGCTTCCaGCArr^^ 

1331 AAYSYFRIBRSTIGPQH7SS6BDINVAALGK0QE>BHISB9 
4081 TTGTATGAGAGCACAACCrCAGCTCCCCCAGAACCTTCCrACGACCCCrTCACGGACTCTSVAGAAC^ 

1361 LYBSTTSAPPSPSYOPPTOSBBRQLEGHDPLaTL* (1394aa) 
4301 ATGCCaCCCATCACTCACTGCC&CCTCQCOCATCAAgrCTGAATTCTC^^ 

432 1 crGGG<surw n\ 'Lwr ^ JQa^GAakQA'^aTGT^^ 

4441 CTACATGATGGGTAACTGTGATCTTTCTTCCCrrGTTAGATrGrAAGCCTC COTCTTTGTATCCCAGCCCCTAGCCCAGTGCCTGACACAfiGAACTt^CAC^ 
45£1 GAAACAAAGTCAACAG 
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Figure 37 



Amplification of tlie 1 394 amino acid HARE 
Open Reading Frame from a Inuman iympli 

node cDNA Llibrary 
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SEQUENCE aSTING 



<110> Weigel et al. 

<120> Identification of Hyaluronan Receptor for Endocytosis 

<130> 5820.603 

<140> Not Yet Assigned 

<141> HerewithHerewith 

<160> 57 

<170> WordPerfect 8.0 ^Software* 
<210> 1 
<211> 4706 
<212> DMA 

<213> Rattus Norvegicus 
<220> 

<400> HARE CDNA 







rrfiTrTGGAG 

Vj X X v3 VjXiVj 


CAGATGCCCG 


ACTATTCCAT 


TTTCCGAGGT 


60 








ATCGAGTCTG 


CAGATGCTTA 


TACTGTGTTC 


120 


GTGCCAAACA 


ATGAAGCCAT 


CGAAAACTAT 


ATCAGGGAGA -AGAAAGCCAC 


ATCTCTAAAG 


180 


GAAGATATTC 


TACGGTACCA 


TGTGGTCCTG 


GGGGAAAAGC 


TCCTGAAGAA 


TGACTTGCAT 


240 


AACGGCATGC 


ACCGAGAGAC 


CATGCTGGGG 


TTCTCCTACC 


TCCTTGCCTT 


CTTTCTCCGC 


300 


AATGACCAGC 


TGTATGTAAA 


TGAAGCTCCA 


ATAAACTACA 


CCAATGTGGC 


CACTGATAAA 


360 


GGAGTGATCC 


ATGGTCTGGA 


GAAAGTTCTG 


GAAATTCAGA AGAACAGATG 


TGACAATAAT 


420 


GACACCATTA 


TTGTGAGAGG 


GGAGTGTGGA 


AAGTGTTCCC 


AGCAAGCCCC 


CTGCCCACTC 


480 


GAGACAAAAC 


CACTTAGAGA 


GACGAGGAAA 


TGCATCTATT 


CCATCTACTT 


CATGGGGAAG 


540 


AGATCCGTAT 


TCATCGGGTG 


CCAGCCACAG 


TGTGTGAGAA 


CCATCATTAC 


AAGAGCCTGC 


600 


TGGCTGGCTT 


CTTTGGCCCA 


CAATGCCAAG 


CCTGCCCCGG 


GAGAGGTCAA 


AATGTGTGCT 


660 


CTGGGAACGG 


CTTCTGTCTG 


GGACGGTGTG 


AATGGCACTG 


GCACGTGCCA 


GTGCGGGCTG 


720 


GGCTTCAATG 


■ GGACAGCCTG 


TGAAACCTGC 


ACTGAGGGGA 


AGTATGGTAT 


•CCACTGCGAC 


780 


CAAGCATGCT 


CTTGTGTCCA 


TGGGAGATGT 


AGCCAAGGAC 


CCTTGGGAGA 


CGGCTCCTGT 


840 


GACTGTGACG 


TCGGCTGGCG 


AGGAGTGAAG 


TGTGACATGG 


AGATCACCAC 


AGACAACTGC 


900 
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AACGGGACCT 


GTCACACCAG 


TGCCAACTGC 


CTTCTGGATC 


CAGACGGCAA 


AGCCTCGTGC 


960 


AAATGTGCGG 


CAGGATTCCG 


AGGGAATGGA 


ACGGTCTGCA 


CAGCCATCAA 


TGCCTGTGAG 


1020 


ACCAGCAATG 


GAGGATGTTC 


TACAAAGGCC 


GACTGTAAAA 


GAACCACCCC 


AGGAAACCGG 


1080 


GTGTGTGTGT 


GCAAGGCAGG 


CTATACCGGC 


GACGGCATCG 


TGTGCCTTGA 


AATCAACCCG 


1140 


TGTTTGGAGA 


ACCATGGTGG 


CTGTGACAGA 


AATGCAGAGT 


GCACACAGAC 


AGGGCCCAAC 


1200 


CAGGCCGTCT 


GTAACTGCTT 


GCCGAAGTAC 


ACTGGAGATG 


GAAAGGTCTG 


CTCGCTTATC 


1260 


AATGTCTGCC 


TAACGAACAA 


TGGCGGCTGC 


AGTCCATTTG 


CCTTCTGCAA 


CTACACTGAG 


1320 


CAAGATCAAA 


GGATATGTAC 


CTGCAAGCCA 


GACTACACGG 


GTGATGGAAT 


CGTCTGCCGG 


1380 


GGCAGCATCT 


ACGGGGAGCT 


TCCCAAGAAC 


CCTTCGACGT 


CCCAGTACTT 


CTTCCAGTTG 


1440 


CAGGAGCATG 


CTGTCCGAGA 


GCTTGCTGGA 


CCTGGCCCCT 


TCACCGTGTT 


CGCGCCTTTG 


1500 


TCTAGCTCCT 


TCAATCATGA 


GCCCCGGATT 


AAAGACTGGG 


ATCAGCAGGG 


CCTCATGTCC 


1560 


CAGGTTCTTC 


GCTATCACGT 


GGTGGGCTGC 


CAGCAGCTGC 


TGTTGGACAA 


CCTAAAAGTG 


1620 


ACCACAAGTG 


CCACGACCCT 


CCAAGGAGAG 


CCAGTTTCCA 


TCTCTGTCTC 


TCAGGACACT 


1680 


GTGTTCATAA 


ACAATGAGGC 


GAAGGTCCTG 


TCCAGTGACA 


TCATCAGCAC 


CAATGGCGTC 


1740 


ATCCACGTTA 


TAGACAAGTT 


GCTGTCTCCC 


AAAAACTTGC 


TTATCACCCC 


CAAAGATGCC 


1800 


TTGGGCAGGG 


TTCTGCAAAA 


TCTTACTACA 


GTGGCAGCAA 


ACCACGGATA 


TACCAAATTC 


1820 


AGCAAGTTGA 


TACAGGACTC 


AGGCTTGCTG 


TCAGTCATCA 


CTGACTCCAT 


CCACACCCCA 


1920 


GTCACTGTCT 


TCTGGCCTAC 


GGACAAAGCC 


CTGGAAGCCT 


TGCCCCCAGA 


GCAGCAGGAC 


1980 


TTCCTGTTCA 


ATCAAGACAA 


CAAGGACAAG 


CTGAAGTCTT 


ACCTGAAGTT 


CCACGTGATC 


2040 


CGAGACTCCA 


AGGCTTTAGC 


TTCAGACCTC 


CCCAGGTCTG 


CTTCCTGGAA 


GACCCTGCAA 


2100 


GGCTCAGAGC 


TGAGTGTGAG 


GTGTGGAACT 


GGCAGTGACA 


TCGGTGAGCT 






GAACAAATGT 


GCAGATTCAT 


ACACCGGGGA 


CTCTTGTTTG 


ACGTGGGTGT 


GGCCTATGGC 


2220 


ATTGACTGCC 


TACTCATGAA 


TCCTACCCTA 


GGTGGCCGAT 


GTGACACTTT 


TACTACCTTC 


2280 


GATATTCCGG 


GGGAGTGCGG 


AAGTTGCATT 


TTCACTCCCA AATGCCCACT 


GAAGAGCAAG 


2340 
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CCAAAGGGCG TGAAGAAGAA GTGTATCTAC AACCCGTTAC CTTTCAGGAG GAACGtGGAA 2400 

GGCTGCCAGA ACCTGTGCAC CGTGGTGATC CAAACCCCCA GGTGCTGCCA TGGTTACTTC 2460 

ATGCCAGACT GTCAGGCCTG CCCTGGAGGA CCAGATACAC CGTGTAACAA CCGGGGCATG 2520 

TGCCGCGATC TGTACACACC CATGGGACAG TGCCTATGCC ACACCGGCTT CAACGGGACA 2580 

GCCTGCGAGC TCTGCTGGCA TGGGAGATTT GGGCCTGACT GTCAGCCCCG CAGCTGCTCC 2640 

GAGCATGGAC AGTGTGATGA GGGGATCACA GGCTCCGGGG AGTGCCTCTG TGAAACAGGG 2700 

TGGACAGCCG CTTCGTGTGA CACTCCCACA GCTGTATTCG CAGTGTGCAC ACCTGCTTGC 2760 

TCCGTGCACG CCACCTGTAC GGAGAACAAC ACGTGTGTGT GTAACTTGAA CTACGAAGGT 2820 

GACGGGATCA CATGCACAGT CGTGGACTTC TGCAAACAGA ACAACGGGGG CTGTGCGAAG 2880 

GTCGCTAAGT GCTCCCAGAA AGGCACCCAA GTCTCTTGCA GCTGCAAGAA AGGCTACAAG 2940 

GGGGATGGCT ACAGCTGCAT AGAGATAGAC CCCTGTGCAG ACGGTGTCAA CGGGGGATGC 3000 

CATGAGCACG CCACCTGCAG GATGACGGGC CCAGGCAAGC ATAAGTGTGA ATGTAAAAGT 3060 

CACTATGTCG GGGACGGAGT GGACTGTGAG CCTGAGCAGC TGCCGCTCGA CCGTTGCTTA 3120 

CAGGACAACG GACAGTGCCA CCCAGATGCC AGCTGTGCAG ACCTCTACTT CCAGGACACG 3180 

ACCGTAGGAG TATTCCATCT ACGCTCCCCA CTGGGCCAGT ACAAACTGAC ATTTGACAAA 3240 

GCCAAAGAAG CCTGTGCCAA AGAAGCTGCG ACCATAGCCA CCTACAACCA GCTCTCCTAT 3300 

GCCCAGAAGG CCAAGTATCA CCTGTGCTCG GCCGGCTGGC TGGAGAGTGG GCGGGTTGCC 3360 

TACCCGACTA CGTATGCCTC TCAGAAGTGT GGTGCAAACG TTGTTGGGAT CGTAGACTAC 3420 

GGATCCAGGG CCAACAAGAG TGAAATGTGG GATGTCTTCT GTTACCGGAT GAAAGATGTG 3480 

AACTGCACCT GCAAGGCAGG CTATGTGGGA GATGGCTTCT CGTGCAGTGG GAACCTGCTG 3540 

CAGGTCCTCA TGTCCTTCCC CTCGCTCACA AACTTCCTGA CAGAGGTGCT GGCTTTTTCC 3600 

AAGAGCTCAG CCCGAGGACA GGCATTTTTG AAACACCTGA CTGACCTGTC CATCCGTGGC 3660 

ACCCTGTTTG TGCCACAGAA CAGTGGGCTA CCGGGAAATA AGAGCCTGTC TGGCCGGGAC . 3720 

ATTGAGCACC ACCTCACTAA TGTCAACGTC TCCTTTTACA ATGACCTTGT CAATGGTACC 3780 
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TTTCTGAGGA CTATGCTGGG AAGCCAACTG CTCATTACCT TCAGCCAGGA CCAGCTCCAC 3840 

CAAGAGACCA GGTTTGTGGA TGGAAGATCC ATTCTGCAGT GGGACATCAT CGCCGCCAAT 3900 

GGAATCCTCC ATATTATTTC TGAACCTTTG AGAGCTCCTC CCACGGCAGC AACGGCTGCC 3960 

CACTCTGGCC TGGGGACAGG TATATTCTGT GCCGTCGTCC TGGTCACTGG TGCGATTGCT 4020 

CTGGCAGCTT ACTCTTACTT CCGGCTAAAG CAGCGAACCA CTGGTTTCCA GCGTTTTGAT 4080 
CAGAAGAGGA CATTGATGTC TTGGCTTTTG GCAAGCAGCA GCCCAAGAAT ATCGCAAACC . 4140 

CTCTGTATGA GACCTCAGCG CCGGCACCCC CAGAGTCCTC CTGTGACCCC TTCACAGACC 4200 

CTGGAGAACA GGATCTGGAG GACAGCGACC CTCTGGGGGC ACTGCGGTCC TGACATGAGA 4260 

AGCCAGCAAG CAACCACAGT CACGGTTCCA CGGTGATTCC CAGCCCCAGC TGTCTCATGG 4320 
ATCAGTTGTT TTAAAGAATG ACAACACTCA TAAGCCAGCC ATACCTCACC CTTCTGGTTA . 4380 

ATCTGGGATT GTCGCCAGGG CTAAGGAGCC ATGTTGCCTG GATACCTGGG GGACCTCCAC 4440 

CTCCTCTGAG CCTATACCGT GGTTCTCTCA CTTCCATATG GTGCTTGGTC TGTTCTGCCC 4500 

TCTCTTGTAC CCACAAACTG TGACTCTGTG GTATTCTCCT ATTGACGTAA GCACCAAAGG 4560 

CGGGGCTTCA CCTCTTATGT TCTGTATTCC AGTACCCAGA AGTACCTGCC ACACATGTGT 4 620 

GCTCAATAAA TGTTTTGGGA ACAAAATAAA GAAGGCACTG TGTACCTAGA AGGTGTCAAA 4 680 

CTATGAAAGC AAAAAAAAAA AAAAAA 4706 
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<110> Weigel et al. 

<120> Identification of Hyaluronan Receptor for Endocytosis 

<130> 5820.603 

<140> Not Yet Assigned 

<141> Herewith 

<160> 57 

<170> WordPerfect 8.0 ^Software* 
<210> 2 
<211> 1431 
<212> PRT 

<213> Rattus norvegicus 
<220> 

<400> .HARE protein 



Ser Leu Pro Ser Leu Leu Thr Arg Leu Glu Gin Met Pro Asp Tyr Ser Iso Phe Arg . 
15 10 15 

Gly Tyr Iso Iso His Tyr Asn Leu Ala Ser Ala Iso Glu Ser Ala Asp Ala Tyr Thr 
20 25 30 35 

Val Phe Val Pro Asn Asn Glu Ala Iso Glu Asn Tyr Iso Arg Glu Lys Lys Ala 
40 45 50 55 

Thr Ser Leu Lys Glu Asp Iso Leu Arg Tyr His Val Val Leu Gly 
60 65 70 

Glu Lys Leu Leu LyS Asn Asp Leu His Asn Gly Met His Arg Glu Thr Met 
75 80 85 

Leu Gly Phe Ser Tyr Leu Leu Ala Phe Phe Leu Arg Asn Asp Gin Leu Tyr Val Asn 
90 95 100 ' 105 

Glu Ala Pro Iso Asn Tyr Thr Asn Val Ala Thr Asp Lys Gly Val Iso His Gly Leu 
110 115 120 125 

Glu Lys Val Leu Glu Iso Gin Lys Asn Arg Cys Asp Asn Asn Asp Thr Iso Iso Val 
130 135 ^ 140 145 

Ara Gly Glu Cys Gly Lys Cys Ser Gin Gin Ala Pro Cys Pro Leu Glu Thr Lys Pro 
150 155 160 

Leu Arg Glu Thr Arg Lys Cys Iso Tyr Ser Iso Tyr Phe Met Gly Lys Arg Ser Val 
165 170 175 180 
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Phe ISO Gly Cys Gin Pro Gin Cys Val Arg Thr Iso Iso Thr Arg Ala Cys Trp Leu 
185 190 195 200 

Ala Ser Leu Ala His Asn Ala Lys Pro Ala Pro Gly Glu Val Lys Met Cys Ala Leu 
205 210 215 220 

Gly Thr Ala Ser Val Trp Asp Gly Val Asn Gly Thr Gly Thr Cys Gin Cys Gly Leu 
225 230 235 240 

Gly Phe Asn Gly Thr Ala Cys Glu Thr Cys Thr Glu Gly Lys Tyr Gly Iso His Cys 
245 250 255 

Asp Gin Ala Cys Ser Cys Val His Gly Arg Cys Ser Gin Gly Pro Leu Gly Asp Gly 
260 265 2-70 275 

Ser Cys Asp Cys Asp Val Gly Trp Arg Gly. Val Lys Cys Asp Met Glu Iso Thr Thr 
280 285 290 295 

Asp Asn Cys Asn Gly Thr Cys His Thr Ser Ala Asn Cys Leu Leu Asp Pro Asp Gly 
300 305 310 315 

Lvs Ala Ser Cys Lys Cys Ala Ala Gly Phe Arg Gly Asn Gly Thr Val Cys Thr Ala 
320 -325 330 335 

Iso Asn Ala Cys Glu Thr Ser Asn Gly Gly Cys Ser Thr Lys Ala Asp Cys Lys Arg 
340 345 350 

Thr Thr Pro Gly Asn Arg Val Cys Val Cys Lys Ala Gly Tyr Thr Gly Asp Gly Iso 
355 360 365 370 

Val Cys Leu Glu Iso Asn Pro Cys Leu Glu Asn His Gly Gly Cys Asp Arg Asn Ala 
375 380 385 390 

Glu Cys Thr Gin Thr Gly Pro Asn Gin Ala Val Cys Asn Cys Leu Pro Lys Tyr Thr 
395 400 405 410 

Glv Asp Gly Lys Val Cys Ser Leu Iso Asn Val Cys Leu Thr Asn Asn Gly Gly Cys 
415 420 425 430 

Ser Pro Phe Ala Phe Cys Asn Tyr Thr Glu Gin Asp Gin Arg Iso Cys Thr Cys Lys 
435 440 445 

Pro Asp Tyr Thr Gly Asp Gly Iso Val Cys Arg Gly Ser Iso Tyr Gly Glu Leu Pro 
450 455 460 465 

Lys Asn Pro Ser Thr Ser Gin Tyr Phe Phe Gin Leu Gin Glu His Ala Val Arg Glu 
470 475 480 485 
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Leu Ala Gly Pro Gly Pro Phe Thr Val Phe Ala Pro Leu Ser Ser Ser Phe Asn His 
490 495 500 505 

Glu Pro Arg Iso Lys Asp Trp Asp Gin Gin Gly Leu Met Ser Glri Val Leu Arg Tyr 
510 515 520 525 

His Val Val Gly Cys Gin Gin Leu Leu Leu Asp Asn Leu Lys Val Thr Thr Ser Ala 
530 535 540 

Thr Thr Leu Gin Gly Glu Pro Val Ser Iso Ser Val Ser Gin Asp Thr Val Phe Iso 
545 550 555 560 

Asn Asn Glu Ala Lys Val Leu Ser Ser Asp Iso Iso Ser Thr Asn Gly Val Iso His 
565 570 575 580 

Val Iso Asp Lys Leu Leu Ser Pro Lys Asn Leu Leu Iso Thr Pro Lys Asp Ala Leu 
585 590 595 600 

Gly Arg Val Leu Gin Asn Leu Thr Thr Val Ala Ala Asn His Gly Tyr Thr Lys Phe 
605 610 615 620 

Ser Lys Leu Iso Gin Asp Ser Gly Leu Leu Ser Val Iso Thr Asp Ser .Iso His Thr 
625 630 635 

Pro Val Thr Val Phe Trp Pro Thr Asp Lys Ala Leu Glu Ala Leu Pro Pro Glu Gin 
640 645 650 655 

Gin Asp Phe Leu Phe Asn Gin Asp Asn Lys Asp Lys Leu Lys Ser Tyr Leu Lys Phe 
660 665 670 675 

His Val Iso Arg Asp Ser Lys Ala Leu Ala Ser Asp Leu Pro Arg Ser Ala Ser Trp 
680 685 690 695 

Lys Thr Leu Gin Gly Ser Glu Leu Ser Val Arg Cys Gly Thr Gly Ser Asp Iso Gly 
700 705 710 715 

Glu Leu Phe Leu Asn Glu Gin Met Cys Arg Phe Iso His Arg Gly Leu Leu Phe Asp 
720 725 730 

Val Gly Val Ala Tyr Gly Iso Asp Cys Leu Leu Met Asn Pro Thr Leu Gly Gly Arg 
735 740 745 750 

Cys Asp Thr Phe Thr Thr Phe Asp Iso Pro Gly Glu Cys Gly Ser Cys Iso Phe Thr 
755 760 765 770 

Pro Lys Cys Pro Leu Lys Ser Lys Pro Lys Gly Val Lys Lys Lys Cys Iso Tyr Asn 
775 780 . 785 790 
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Pro Leu Pro Phe Arg Arg Asn Val Glu Gly Cys Gin Asn Leu Cys Thr Val Val Iso 
795 800 805 810 

Gin Thr Pro Arg Cys Cys His Gly Tyr Phe Met Pro Asp Cys Gin Ala Cys Pro Gly 
815 820 825 

Gly Pro Asp Thr Pro Cys Asn Asn Arg Gly Met Cys Arg Asp Leu Tyr Thr Pro Met 
830 835 840 845 

Gly Gin Cys Leu Cys His Thr Gly Phe Asn Gly Thr Ala Cys Glu Leu Cys Trp His 
850 855 860 865 

Gly Arg Phe Gly Pro Asp Cys Gin Pro Arg Ser Cys Ser Glu His Gly Gin Cys Asp 
870 875 880 885 

Glu Gly Iso Thr Gly Ser Gly Glu Cys Leu Cys Glu Thr Gly Trp Thr Ala Ala Ser 
890 895 900 905 

Cys Asp Thr Pro Thr Ala Val Phe Ala Val Cys Thr Pro Ala Cys Ser Val His Ala 
910 915 920 

Thr Cys Thr Glu Asn Asn Thr Cys Val Cys Asn Leu Asn Tyr Glu Gly Asp Gly Iso 
925 930 935 940 

Thr Cys Thr Val Val Asp Phe Cys Lys Gin Asn Asn Gly Gly Cys Ala Lys Val Ala 
945 950 955 960 

Lys Cys Ser Gin Lys Gly Thr Gin Val Ser Cys Ser Cys Lys Lys Gly Tyr Lys Gly 
965 970 975 980 

Asp Gly Tyr Ser Cys Iso Glu Iso Asp Pro Cys Ala Asp Gly Val Asn Gly Gly Cys 
985 990 ■ 995 1000 

His Glu His Ala Thr Cys Arg Met Thr Gly Pro Gly Lys His Lys Cys Glu Cys Lys 
1005 1010 1015 • 

Ser His Tyr Val Gly Asp Gly Val Asp Cys Glu Pro Glu Gin Leu Pro Leu Asp Arg 
1020 1025 1030 1035 

Cys Leu Gin Asp Asn Gly Gin Cys His Pro Asp Ala Ser Cys Ala Asp Leu Tyr Phe 
1040 1045 , 1050 1055 

Gin Asp Thr Thr Val Gly Val Phe His Leu Arg Ser Pro Leu Gly Gin Tyr Lys Leu 
1060 1065 1070 1075 

Thr Phe Asp Lys Ala Lys Glu Ala Cys Ala Lys Glu Ala Ala Thr Iso Ala Thr Tyr 
1080 1085 1090 1095 
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Asn Gin Leu Ser Tyr Ala Gin Lys Ala Lys Tyr His Leu Cys Ser Ala Gly Trp Leu 
1100 1105 1110 

Glu Ser Gly Arg Val Ala Tyr Pro Thr Thr Tyr Ala Ser Gin Lys Cys Gly Ala Asn 
1115 1120 1125 1130 

Val Val Gly Iso Val Asp Tyr Gly Ser Arg Ala Asn Lys Ser Glu Met Trp Asp Val 
1135 1140 1145 1150 

Phe Cys Tyr Arg Met Lys Asp Val Asn Cys Thr Cys Lys Ala Gly Tyr Val Gly Asp 
1155 1160 1165 1170 

Gly Phe Ser Cys Ser Gly Asn Leu Leu Gin Val Leu Met Ser Phe Pro Ser Leu Thr 
1175 1180 1185 1190 

Asn Phe Leu Thr Glu Val Leu Ala Phe Ser Lys Ser Ser Ala Arg Gly Gin Ala Phe 
1195 1200 1205 

Leu Lys His Leu Thr Asp Leu Ser Iso Arg Gly Thr Leu Phe Val Pro Gin Asn Ser 
1210 1215 1220 1225 

Gly Leu Pro Gly Asn Lys Ser Leu Ser Gly Arg Asp Iso Glu His His Leu Thr Asn 
1230 1235 1240 1245 

Val Asn Val Ser Phe Tyr Asn Asp Leu Val Asn Gly Thr Phe Leu Arg Thr Met Leu 
1250 1255 1260 1265. 

Gly Ser Gin Leu Leu Iso Thr Phe Ser Gin Asp Gin Leu His Gin Glu Thr Arg Phe 
1270 1275 1280 1285 

Val Asp Gly Arg Ser Iso Leu Gin Trp Asp Iso Iso Ala Ala Asn Gly Iso Leu His 
1290 1295 1300 

Iso Iso Ser Glu Pro Leu Arg Ala Pro Pro Thr Ala Ala Thr Ala Ala His Ser Gly 
1305 1310 1315 1320 

Leu Gly Thr Gly Iso Phe Cys Ala Val Val Leu Val Thr Gly Ala Iso Ala Leu Ala 
1325 1330 1335 1340 

Ala Tyr Ser Tyr Phe Arg Leu Lys Gin Arg Thr Thr Gly Phe Gin Arg Phe Asp Gin 
1345 1350 ^ 1355 1360 

Lys Arg Thr Leu Met Ser Trp Leu Leu Ala Ser Ser Ser Pro Arg Iso Ser Gin Thr 
1365 1370 1375 1380 

Leu Cys Met Arg Pro Gin Arg Arg His Pro Gin Ser Pro Pro Val Thr Pro Ser Gin 
1385 1390 1395 
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Thr Leu Glu Asn Arg Iso Trp Arg Thr Ala Thr Leu Trp Gly His Cys Gly Pro Asp 
1400 1405 1410 1415 

Met Arg Ser Gin Gin Ala Thr Thr Val Thr Val Pro Arg 
1420 1425 1430 
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